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Into Metric Units

If You Know

Length

inches

inches

feet

yards

miles

Area

sq.inches

sq. feet

sq, yards

sq. miles

acres

Mass (weight)

ounces

pounds

ton

Volume

teaspoons

tablespoons

fluid ounces

cups

pints

quarts

gallons

cubic feet

cubic yards

Temperature

Fahrenheit

Radioactivity

picocuries

Multiply By To Get If You Know

Length

25.4 Millimeters millimeters

2.54 Centimeters centimeters

0.305 Meters meters

0.914 Meters meters

1.609 Kilometers kilometers

Area

6.452 sq. centimeters sq. centimeters

0.093 sq. meters sq. meters

0.0836 sq. meters sq. meters

2.6 sq. kilometers sq. kilometers

0.405 Hectares hectares

Mass (weight)

28.35 Grams grams

0.454 Kilograms kilograms

0.907 metric ton metric ton

Volume

5 Milliliters milliliters

15 Mill
il

iters liters

30 Milliliters liters

0.24 Liters liters

0.47 Liters cubic meters

0.95 Liters cubic meters

3.8 Liters

0.028 cubic meters

0.765 cubic meters

Temperature

subtract 32, Celsius Celsius
then
multiply by
5/9

Radioactivity

37 Millibecquerel millibecquere l

1tiUuIUPW113-^1)C7D m

METRIC CONVERSION CHART

Out of Metric Units

Multiply By	 To Get

0.039 inches

0.394 inches

3.281 feet

1.094 yards

0.621 miles

0.155 sq.inches

10.76 sq. feet

1.196 sq. yards

0.4 sq. miles

2.47 acres

0.035 ounces

2.205 pounds

1.102 ton

0.033 fluid ounces

2.1 pints

1.057 quarts

0.264 gallons

35.315 cubic feet

1.308 cubic yards

multiply by	 Fahrenheit
9/5, then add
32

0.027	 picocuries
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1.0	 INTRODUCTION

This report summarizes the characterization activities performed at the 216-A-8 Crib as part of
the remedial iinvestigation for the 200-PW-3 Organic-Rich Process Condensate/Process Waste
Group Operable Unit (OU). The 216-A-8 Crib is a representative waste site for the 200-PW-3
OU. Characterization was conducted in accordance with the sampling and analysis plan in
DOE/RL-2001-01,Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable
Unit RI/FS Work Plan, Includes: 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units,
Appendix B.

Characterization activities included drilling borehole C4545 at the 216-A-8 Crib in June 2005
using cable-tool drilling equipment to collect soil samples for chemical, radiological, and
physical properties analyses, define the stratigraphy beneath the waste site, and determine the
nature and vertical extent of contamination. Activities conducted at the 216-A-8 Crib to provide
information to select the location for borehole C4545 included soil-vapor sampling in the
shallow vadose zone using a direct-push technology for subsurface access, soil-vapor sampling
in the deep vadose zone using existing wells for subsurface access, and geophysical logging of
existing wells.

Characterization results presented in this report will be used as supporting information for the
remedial investigation report prepared as part of the Comprehensive Environmental Response,
Compensation, and Liability Act c f 1980 remedial investigation/feasibility study (RI/FS) process.
Drilling and sampling activities described in this report provide information that can be used to
refine the preliminary conceptual contaminant-distribution model, support an assessment of risk,
and support evaluation of a range of remedial alternatives for this waste site.

Borehole C4545 was decommissioned in July 2005 after the drilling, sampling, and geophysical
logging activities were completed.

The; location of the 216-A-8 Crib is shown in Figure 1-1 .

Key documents supporting these remedial investigation field activities include the; following:

DOE%RL-2001-01, Plutonium/Organic-Rich Process Condensate/Process Waste Group
Operable Unit RI/FS Work Plan: Includes the 200-PW-1, 200-PW-3,and 200-PW-6
Operable Units

CP-1 `i371, Remedial Investigation Data Quality Objectives Summary Report for the
Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable Unit
Representative Waste Sites

WMP-20501, Waste Control Plan for the Plutonium/Organic-Rich Process Condensate
Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and 200-PW-6
Operable Units.

/^.
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Figure 1-1. Location of the 216-A-8 C rib in the 200 East Area.
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1.1 PURPOSE AND SCOPE

This report compiles information and data associated with fiscal year 2004 and fiscal year 2005
field activities; that included drilling and sampling of one characterization borehole (C4545),
soil-vapor sampling at five locations using the GeoProbe, a direct-push technology, for
subsurface access (Appendix A, conducted July 2004); soil vapor sampling of five existing wells
(Appendix B, conducted April 2005); and geophysical logging of six existing wells (Appendix
C, conducted April through July 2004). This report includes descriptions of borehole drilling
and decommissioning, soil-vapor sampling methods and results, geophysical logging reports, and
a summary of field activities associated with borehole C4545. Additional information described
in this report ]includes civil survey results, a summary of soil-sample-collection activities, field-
screening results for soil samples and drill cuttings brought to the surface during drilling, and
subsurface geologic descriptions. All drilling data in this report are provided using field
measurement units. Metric and English equivalencies are available in the conversion chart at the
beginning of this document.

Appendix D presents the well summary sheet for Borehole 04545. Appendix E contains the
borehole log for Borehole C4545. Appendix F contains the geophysical log for Borehole C4545.

1.2 BACKGROUND

The 200-PW-3 OU waste sites, which are located in the 200 East and 200 West Areas, received
organic-rich wastes containing hexone, normal paraffin hydrocarbons (NPH), and tributyl
phosphate from separations facilities such as S Plant (reduction-oxidation or REDOX process),
A Plant (plutonium-uranium extraction or PUREX process), U Plant (uranium recovery process),
and the 201-C Building (hot semiworks process). These organic compounds were used in
solvent-extraction processes, and the potential may exist for increased mobilization of
radionuclides in the soil column beneath liquid-discharge sites. Most organic solvents are
expected to have vaporized or biodegraded after entering the environment, but some primary
contaminants or degradation products may persist. A minimum organic in v entory of 2,900 kg
qualified a site for inclusion in this OU (DOE/RL-98-28, 200 Areas Remedial
Investigation%Feasibility Study Implementation Plan — Environmental Restoration Program).

1.2.1 216-A -8 Crib

The 216-A-8 Crib is located approximately 200 in 	 ft) east of the A/AX/AY/AZ Tank Farms
complex in the 200 East Area. The bottom dimensions of the crib are 259 x 6 m (850 x 20 ft).
A 60 cm (24-in.) diameter, schedule 20, perforated distribution line extends the length of the crib
and rests on a 2 in 	 thick layer of rock capped by a 30 cm (12-in.) thick layer of gravel.
The gravel fill is mounded over the distribution line. Two layers of fabric paper cover the gravel
and prevent filling of void space by the overlying native sand backfill_ The depth of the
excavation varied from 4.9 to 5.8 in (16 to 19 ft) below ground surface as established in 1955.
The 216-A-8 Crib was surface stabilized in September 1990 by the addition of 0.6 in ft) of
clean fill (DOE/RL-92-04, PUREX Plant Source Aggregate Area Management Study Report).

1-3
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The distribution line contains two 41 cm (16-in.) diameter gooseneck structures, one at each end
of the crib, to improve water flow into the crib gravel. These structures provided overflow
capacity into the head-end of the crib as well as to a surface pond at the far end of the crib. Four
regularly spaced, perforated test risers with filter housings were set into the crib rock layer, offset
1.5 m (5 ft) from the distribution line. Wastewater entered the crib though the 216-A-508
Control Structure (diversion box) located west of the crib. The crib was permanently isolated in
April 1995 by filling the 216-A-508 Control Structure with concrete.

The 216-A-8 Crib received vapor condensate from operation of several ventilation systems
associated with the A, AX, AY, and AZ Tank Farms. Approximately 87 percent of the liquid
waste by volume came from the contact condenser system, which discharged to the 216-A-8 Crib
from November 1955 through April 1958. The A Tank Farm first received self-boiling PUREX
waste in early 1956. Most of the remaining waste volume came from a surface condenser system
installed in 1960 that discharged to the 216-A-8 Crib between 1966 and 1976. Addition of the
AY and AZ Tank Farms to the then-active A and AX Tank Farms also took place during this
period. The site received additional waste discharge for a brief period in 1978 and again
between 1983 and 1985.

The 216-A-8 Crib received approximately 1. 18 billion liters of wastewater between 1955 and
1985. Based on 30 years of operations and proportional flow process sampling, the crib is
reported to have received 368 kg of uranium, 50 g of plutonium, and 10,900 Ci of beta emitters
(RPP-7494, Historical Vadose Zone Contamination from A, AX, and C Tank Farm Operations).
An estimate of the radionuclide inventory carried out in 1993 (decayed through December 31,
1989) indicated 51.5 Ci of Sr-90, 522 Ci of Cs-137, 0.0000469 Ci of Ru-106, 0.123 Ci (368 kg)
of total uranium, and 50 g of total plutonium (DOE/RL-92-04). An estimate of the hazardous
chemical inventory for the 216-A-8 Crib includes approximately 320,000 kg of ammonium
carbonate, 24,000 kg of dibutyl phosphate, and 8,400 kg of NPH (DOE/RL-2001 -0 1).

1.2.2 Borehole Site Location Process

The sampling and analysis plan for the 216-A-8 Crib included sampling to be conducted before
the characterization borehole was drilled to determine the best location for the borehole
(DOE/RL-2001-01, Appendix B). Four types of sampling were proposed:

Geophysical logging of up to five existing boreholes along the length of the crib for
gamma-emitting radionuclides. The five boreholes are anticipated to be 299-E25-4,
299-E25-5, 299-E25-7, 299-1325-8, and 299-1325-9. The list of proposed boreholes may
need to be modified, depending on well construction and access

In situ soil-vapor sampling from the same five existing boreholes. The samples would be
collected from the screened zone, which would be isolated by use of a downhole packer.
The samples would be analyzed for volatile/semivolatile organic compounds using a
field-screening organic-vapor-detection device

• In situ soil-vapor sampling from vent risers installed along the length of the crib. The
samples would be analyzed for volatile/semivolatile organic compounds using a field-

1)I
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screening organic-vapor-detection device. The feasibility of this task will be evaluated
based on the condition and accessibility of the vent risers

In situ soil-vapor sampling at up to five locations along the length of the crib. A direct-
push technology would be used for subsurface access. It is anticipated that the direct-
push technology would not be able to extend beyond approximately 2.4 m (8 ft) below
ground surface (bgs), which corresponds to the top of the rock layer used to construct the
crib. However, it is anticipated that organics present at the base of the crib could be
detected within the crib. The samples would be analyzed for volatile/semivolatile
organic compounds using a field-screening organic-vapor-detection device.

According to the sampling and analysis plan, the borehole was to be drilled at the location with
the highest organic concentrations. If no organics were detected or if the results were
inconclusive, the borehole was to be drilled at the location with the highest radionuclide
conic entratrons.

Three of the proposed types of sampling were conducted to guide selection of the location for
Borehole C4545. In situ soil-vapor sampling was conducted at five locations along the length of
the crib using a GeoProbe for subsurface access, as described in Section 1.2.2.1. In situ soil-
vapor samples were collected from five existing wells in the 216-A-8 Crib, as described in
Section 1.2.2.2. Geophysical logging was conducted in six existing wells, as described in
Section 1.2.2.3. The! results obtained from these activities were used to select the optimal
location for thrilling :Borehole C4545, as described in Section 1.2.2.4.

In situ soil-vapor sampling from vent risers was not conducted because of radiological control
concerns. The test risers were determined to be inaccessible because of the presence of
radiological contamination within the risers, leading to an unacceptable potential for spreading
contamination to vapor-sampling equipment and sampling personnel. In accordance with the
sampling and. analysis plan (DOE,/RL-2001-01, Appendix B), this activity was determined not to
be feasible, based on the condition and accessibility of the test risers.

Figure 1-2 shows the 216-A-8 Crib and the locations of the direct-push (GeoProbe) borcholes,
existing wells, and characterization Borehole 04545.

1.2.2.1 Soil Vapor Sampling in Direct-Push Boreholes

Soil vapor sampling was conducted in five direct-push boreholes that were installed along the
length of the 216-A-8 Crib using the GeoProbe in July 2004. Figure 1-2 shows the location of
the five borcholes (04540, C4541, ('4542, C4543, and 1:4544). Following is a br

i
ef summary of

this investigation. Appendix A presents the details of this investigation.

Borehole C4540 was advanced to approximately 3.7 m (12 fl) bgs. Boreholes C4541, C4542,
C4543, and 04544 each were advanced to approximately 4.6 m (15 ft) bgs. Before the sampling,
the casing in each borehole was drawn back to provide a 0.3 m (1-ft) sampling interval of
exposed formation at the bottom of the borehole. Decommissioning took place after the
sampling was completed.

1-5
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An organic vapor monitor (OVM) was used to provide real-time field-screening results for soil-
vapor samples collected from the five GeoProbe push holes. Borehole C4543 had the highest
OVM reading (2 ppm). Soil-vapor samples were collected in Tedlar bags for field screening for
specific volatile organic compounds using the Photovac I OS Plus Gas Chromatograph and the
Innova Multigas Analyzer. Analytical results did not exceed the detection limit for any
constituent. Four specific types of Drager tubes (colorirnetric indicator tubes) were selected to
cover the range of organic contaminants that might be present, in addition to the volatile organic
compounds that could be analyzed using the gas chromatograph and Innova analyzer. These
four types of Drager tubes were used to test for ammonia, a range of easily oxidized compounds,
and hydrocarbons. The only soil-vapor samples that showed Drager tube test reactions were
from Boreholes C4544 and C4540, and the reactions were weak trace reactions for hydrocarbons
in both cases.

An industrial hygiene technician detected trace amounts of contaminants immediately after back
pulling the borehole casing and removing the back-pull tool from the top of the casing at
Boreholes C4542 and C4543. These initial concentration levels quickly decayed.

A radiological control technician RCT) detected radiological contamination on the metal mesh
sampling probes removed from Boreholes C4542 and C4541, indicating the presence of
radiological contamination at the bottom of each of the boreholes. Contamination on the mesh
probe from Borehole C4542 initially measured at 6,000 counts/min Ry, with 3,500 counts/min (3y
shown to be removable. Contamination from Borehole 04541 was 40,000 counts/min (3y

Appendix A provides a complete listing of analytical results.

1.2.,2.2 Soil-Vapor Sampling in Existing Wells

Additional soil-vapor sampling took place at five existing wells at the 216-A-8 Crib (299-E25-4,
299-E25-5, 299-E25-7, 299-E25-8, and 299-E25-9) during April 2005. Figure 1-2 shows the
locations of these five wells. In each well, a soil-vapor sample was pumped from the screened
interval, which was isolated by using a downhole packer.. The packer was set at depths ranging
from 69.5 to 72.8 m (228 to 239 ft). A field-screening instrument (MIRAN SapphIRe Ambient
Air Analyzer) was used to analyze the soil-vapor samples for volatile- and semivolatile organic
compounds. Following is a brief summary of this investigation. Appendix B provides details of
this investigation.

The MIRAN SapphIRe Ambient Air Analyzer has two operational modes. In spectrum-scan
mode, the MIRAN SapphIRe Ambient Air Analyzer can be used to identify, in one run, up to
five compounds in its library that best match the frequency spectrum of the sample. In
single-compound mode, the MIRAN SapphIRe Ambient Air Analyzer can be used to scan for
each of the compounds in its library, but for only one compound at a time in each run and
without compensation for any potential cross-interference from other compounds.. Appendix B
lists the compounds in the MIRAN SapphIRe Ambient Air Analyzer library.

Initial operation of the MIRAN SapphIRe Ambient Air Analyzer in spectrum-scan mode allowed
scanning of each soil-vapor sample for the possible presence of up to five of the organic
compounds in the instrument library. No organic compounds were detected in any of the

l-7
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soil-vapor samples from the five wells. As a result, the instrument was not reconfigured to
analyze the samples in single-compound mode.

Before and during all sampling activities, an industrial hygiene technician conducted health and
safety monitoring using a photoionization detector. Upon removal of the wellhead cover at each
well, the industrial hygiene technician monitored the wellhead using the photoionization
detector. Wells 299-E25-4, 299-E25-5, 299-E22-7, and 299-E25-9 showed no detectable vapor
concentrations. The industrial hygiene technician initially detected transient values of 1 ppm in
Well 299-E25-8, but these readings decayed to zero after less than 3 seconds.

Following vapor-sampling activities at each well, an RCT conducted radiological field screening
of all down-hole equipment (e.g., packer, tubing, cables) removed from each well. The RCT
found all down-hole equipment to be at background levels for the area for Wells 299-E25-4,
299-E25-5, 299-E25-7, and 299-E25-8. However, during the extraction of the packer from Well
299-E25-9, the RCT found elevated radiological activity above background levels. The elevated
levels decayed to background levels after a couple of minutes, and the RCT determined that the
elevated readings were from radon.

1.2.2.3 Geophysical Logging in Existing Wells

Geophysical logging was conducted in five existing wells from which soil-vapor samples were
collected (299-E25-4, 299-E25-5, 299-E25-7, 299-E25-8, and 299-E25-9), and in one other
existing well (299-E25-6), between April 2004 and July 2004. Figure 1-2 shows the locations of
these wells. Following is a brief summary of each geophysical log. Appendix C provides the
complete geophysical logging report for each well investigated.

Borehole geophysical logging records the depth-distribution of gamma-emitting radionuclides in
the soil to locate and quantify intervals of contamination. The geophysical logging system
provided a continuous radiometric signature of the soils. Cesium-137 was the only man-made
radionuclide detected in each of the six existing boreholes investigated. The highest
concentration of Cs-137 was detected in Well 299-E25-5. Table 1-1 lists the maximum Cs-137
concentration detected in each well.

Two intervals in Well 299-E25-4 showed detectable Cs-137. The interval from near the ground
surface to 9.1 m (30 ft) below top of casing (TOC) showed concentrations ranging from the
minimum detection level (MDL) (0.3 pCi/g) to a maximum of 13.1 pCi/g at 7.9 m (26 ft) below
TOC. The interval between 69.2 and 75.3 m (227 and 247 ft) below TOC showed concentrations
ranging from near the MDL to 1.4 pCi/g.

Three intervals in Well 299-E25-5 showed detectable Cs-137. The interval from near the ground
surface to 1.8 (6 ft) below TOC showed concentrations ranging from the MDL to 12.8 pCi/g.
The interval between 6.1 and 16.2 m (20 and 53 ft) below TOC showed concentrations ranging
from 0.4 pCi/g to a maximum of 30,800 pCi/g measured at 7.6 m (25 ft) below TOC. The
interval between 70.7 and 78.9 m (232 and 259 ft) below TOC showed concentrations ranging
from near the MDL to a maximum of 0.8 pCi/g measured at 70.7 m (232 ft) below TOC.

1-8



WMP-27020 REV 0

Table 1-1. Maximum Cesium-137 Concentrations from Geophysical
Logging of Existing Wells at the 216-A-8 Crib.

Well
Maximum Cs-137

Concentration
.(pCi/g)

Depth of Maximum Cs-137
Concentration

(ft below Top of Casing)'

299-E25-4 13.1 26

299-E25-5 30,800 25

299-E25 -15 50 25-30

299-E25-7 5.7 9

299-E25-8 4.5 5

299-E25-9 13 5

Three intervals in Well 299-E25-6 showed detectable Cs-137. The interval between 2.7 and
3.6 m (9 and 11 ft) below TOC showed a maximum concentration of 9.8 pCi/g. The interval
between 6.7 and 223 m (22 and 73 ft) below TOC showed concentrations ranging; from the
MDL to a maximum of 50 pCi/g measured between 7.6 and 9.1 m (25 and 30 ft) below TOC.
The interval between 69.2 and 71,3 m (227 and 234 ft) below TOC showed a maximum
concentration of 3.2 pCi/g.

Three intervals in Well 299-E25-7 showed detectable Cs-137. The interval from near the ground
surface to 2.7 m (9 ft) below TOC showed a range of concentrations from the MDL to 5.7 pCi/g.
The interval from 6.1 to 18.0 m (20 to 59 ft) below TOC showed concentrations ranging from
0.3 pCi/g to a maximum of 3.6 pCi/g measured at 7.6 m (25 ft) below TOC. The interval
between 68.6 and 71.9 m (225 and 236 ft) bgs showed concentrations ranging from near the
MDL to a maximum of 3.2 pCi/g measured at 69.5 m (2.28 ft) below TOC.

One interval in Well 299-E25-8 showed detectable Cs-137. The interval between 71.3 and
73.1 in (234 and 240 ft) below TOC showed a range of concentrations from near the MDL to a
maximum of 2.5 pCi/g measured at 72.2 m (237 ft) below TOC. Concentrations of Cs-137 were
present at 1.5 m (5 ft) below TOC, at approximately 6.7 m (22 ft) below TOC, and at a few other
sporadic locations throughout the well. The overall range of concentrations for this well was
from the MDL to a maximum of 4.5 pCi/g at 1.5 m (5 ft) below TOC.

Two intervals in Well 299-E25-9 showed detectable Cs-137, including the interval between 68.9
and. 72.8 m (226 and 239 ft) below TOC and the interval between 75.0 and 76.2 m (246 and
250 ft) below TOC. Cesium-137 occurs near the ground surface and at a few sporadic locations
throughout the borehole. The overall range of concentrations for this well was from the MDL to
a maximum of 13 pCi/g at 1.5 m (5 ft) below TOC. The Cs-137 detected between 68.9 and
70.7 m (226 and 232: ft) below TUC is located at a depth interval consistent with the depth of a
packer set at 69.5 in (228 ft) bgs. Cs-137 detected at 72.8 m (239 ft) below TOC is
approximately 6.1 m (20 ft) above the groundwater level.
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1.2.2.4 Location of Borehole C4545

The sampling and analysis plan (DOE/RL-2001-01, Appendix B) provided guidance for
selection of the final location of Borehole C4545. This guidance states the following.

• The borehole will be drilled at the location of the highest organic concentrations.

• If no organics are detected or if the results are inconclusive, the borehole will be drilled at
the location with the highest radionuclide concentrations.

The results of the soil-vapor sampling investigations in the shallow and deep vadose zone, as
summarized in Sections 1.2.2.1 and 1.2.2.2, respectively, did not indicate conclusively the
presence of organics at any of the locations sampled. However, the geophysical logging
investigation, as summarized in Section 1.2.2.3, clearly identified the location with the highest
radiological concentrations. Existing Well 299-E25-5 exhibited the highest radiological
concentrations, with a maximum Cs-137 value of 30,800 pCi/g found at 7.6 m (25 ft) below
TOC. The second highest levels occur in existing Well 299-E25-6, with a Cs-137 concentration
of 50 pCi/g in the interval from 7.6 to 9.1 in 	 to 30 ft) below TOC. The area that
demonstrated the highest radiological concentrations is located near the west end of the 216-A-8
Crib, as anticipated in DOE/RL-2001-01, Appendix B.

Therefore, based on the guidance set forth in DOE/RL-2001-01, Appendix B, and on the results
of these three investigations at the 216-A-8 Crib, Borehole C4545 was located near
Well 299-E25-5. The borehole was located on the south side of Well 299-E25-5, so that it would
be closer to the center of the 216-A-8 Crib and closer to Well 299-E25-6, where contamination
appeared to be slightly deeper, for groundwater protection. This location, shown on Figure 1-3,
lies 7.0 m (23 ft) from Well 299-E25-5 and 0.9 m (3 ft) from the center of the 216-A-8 Crib
discharge pipe.
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Figure 1-3. Planned ]Location for Borehole 04545 at the 216-A-8 Crib.
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2.0	 FIELD ACTIVITIES

The primary purpose of field activities was to characterize the nature and extent of contamination
underlying the 216-A--8 Crib in the 200-PW-3 OU in the 200 East Area. The information gained
from the drilling, sampling, and geophysical logging of Borehole C4545 will support the
remedial investigation report for this OU and will support verification of, and potential
modifications 'to, the existing conceptual model.

Field activities included pushing five GeoProbe boreholes to depths of 3.7 to 4.6 m (12 to 15 ft)
bgs, collecting and analyzing soil-vapor samples from these boreholes, collecting and analyzing
soil-vapor samples from five existing wells, and geophysically logging six existing wells. This
information was used to locate Borehole C4545. Section 1.2.2 provides a more detailed
description of these activities.

Following location of the drilling site, Borehole C4545 was drilled to groundwater. Additional
activities included the collection of soil-characterization samples from sediments encountered
while drilling and the geophysical logging of the borehole. The borehole was back.filled and
decommissioned after completion of drilling, sampling, and geophysical logging. Figure 1-2
shows the 216-A-8 Crib and locations of the GeoProbe boreholes, existing wells, and
Borehole C4545.

2.1 BOREHOLE CONSTRUCTION AND
DECOMMISSIONING

2.1.1 Drilling Methods

Planning, drilling, and decommissioning of Borehole C4545 adhered to the guidelines and
requirements presented in GRP-EE-02-14.1 (Drilling, Remediating, and Decommissioning
Resource Protection Wells and Geotechnical Soil Borings). The borehole conformed to
standards defined in WAC-173-160 (Minimum Standards for Construction and Maintenance of
Wells). Drilling of Borehole C4545 at the 216-A-8 Crib representative waste site began on
June 6, 2005, and finished on June 30, 2005. Drilling reached a total depth of 80.6 in
(264.5 ft) bgs.

The drilling used a cable-tool drilling rig, and drill cuttings were recovered from a. drive-barrel.
Two telescoped, threaded carbon-steel temporary casings kept the borehole open and minimized
the potential for down-hole cross-contamination. The first temporary casing string, with an
outside diameter of 27.5 cm (10.8125 in.) was installed in the interval from 0 to 20.94 m
(68.71 ft) bgs. The second temporary casing string, with an OD of 22.1 cm (8.6875 in.) was
installed in the interval from 0 to 80.59 m (264.43 ft) bgs. Sediments recovered during the
drilling process were surveyed on a routine basis for radioactivity and organic vapors throughout
the high- and medium-risk portions of the borehole (i.e., between the surface and 21.3 m [70 ft]
bgs). Surveying during the low-risk portion of the drilling (i.e., below 21.3 m [70 ft] bgs) was on
a twice-daily basis (i.e., AM/PM checks) for the remainder of the drilling. Drilling personnel did
not add water to the borehole during drilling.

2-1



WMP-27020 REV 0

After total depth was reached, borehole geophysical logging for gamma-emitting radionuclides
was complete.

Table 2-1 shows borehole summary information. Appendix D contains the well summary sheet
for Borehole C4545, Appendix E contains the borehole log for Borehole C4545, and Appendix F
contains the geophysical log for Borehole C4545.

Table 2-1. 216-A-8 Borehole Construction and Survey Summary.

Well identification number C4545

Area 200 East Area

Northing' (m) 136,176.35

Easting a (m) 575,682.46

Ground surface elevation  (m) 201.78

Drill start date June 6, 2005

Drill end date June 30, 2005

Total depth (m/ft bgs) 80.6/264.5

Depth to water (m/ft bgs) 79.75 / 261.67 (June 30, 2005)

Sample intervals (ft bgs)
1.5; 19-21.5; 22.5-25; 25-27.5; 27.5-30; 49-
51.5; 104-106.5; 178-180.5; 234-236.5; 262-
264.5

Decommissioning data (depth in ft bgs):

•	 Sand backfill (10-20 mesh Colorado
silica sand)

264.0 - 256.9 

•	 Granular bentonite (#8) •	 256.9— 1.0

•	 Portland cement surface cap •	 1.0-0.0

Decommissioning start — finish dates 07/06/05 - 07/21/05

Comments Brass tag in surface cap

Northing and easting coordinates are based on Washington State Plane Coordinates NAD83, North
American Datum of 1983, as revised 1991, rounded to 1 m.

b NAVD88, North American Vertical Datum of 1988 value, rounded to 0.001 m.
bgs = below ground surface.

2.1.2 Well Decommissioning

Decommissioning of Borehole C4545 occurred in July 2005. Decommissioning included
removing all temporary casing and backfilling the borehole. Borehole fill below the water table
consists of 10-20 mesh Colorado silica sand emplaced during casing extraction to maintain
natural groundwater flow. Bentonite (98 bentonite crumbles) filled the remaining void while the
casing was removed, forming a seal from the top of the sand pack to just below the ground
surface. Periodic measurement of sand and/or bentonite levels within the casing ensured
continuous overlap, preventing formation sediments from collapsing into the borehole.
A surface seal of Portland cement, together with a brass survey tag embedded in the cement,
completed borehole decommissioning. Embossment on the brass tag included the well
identification number and decommissioning date, in accordance with WAC 173-160, "Minimum
Standards for Construction and Maintenance of Wells."
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Table 2-1 contains borehole survey and grout seal interval information.

2.2 BOREHOLE SOIL SAMI'LING

Collection of soil samples at specific depths was in accordance with the sample design in the
sampling and analysis plan (DOE/RL-2001-01, Appendix: B). The depths of the proposed
samples below ground surface were modified to account for the 0.3 m (1-ft) thick crushed rock
fill added to form the drill pad. Lithologic variations and changes in chemical or radiological
contamination also resulted in the modification of some of the sampling intervals during drilling.
Table 2-1 lists the sample intervals for Borehole C4545. In situ soil samples were collected for
chemical and radiological analysis using a split-spoon drive-barrel sampler with four stainless
steel liners, each 15.2 cm (6 in.) long. The split-spoon samplers were opened on an enclosed
sample table equipped with a high-efficiency particulate air (filter) vacuum system. Core barrels
and samples were sleeved with plastic sleeving during drilling in the high-risk zone. The
samples were submitted to analytical laboratories for chemical and radiological analysis and
determination of physical properties. Collection and transportation of soil samples was in
accordance with internal Fluor Hanford procedures GRP Ei E-01-4.0, Soil and Sediment
Sampling, and GRP-EE-01-3.1, Sample Packaging and Shipping.

The primary fi)cus of sampling beneath the 216-A-8 Crib was to characterize the vadose zone for
the nature and distribution of organic and radiological contaminants. Based on the sampling

r....	 design in the sampling and analysis plan, seven samples were to be collected, including one from
each, major geologic unit, during drilling of the borehole (DOE/RL-2001-01, Appendix B). The
rationale for each sample depth (as presented in the plan) is as follows:

5.5 to 15.2 m (18 to 20.5 ft) bgs -- Characterize the vadose zone immediately below the
base of the crib; organic layer observed immediately below the 216-A-24 Crib

6.6 to 7.3 in 	 to 24 ft) bgs -- Characterize the zone of highest cesium contamination
detected during spectral gamma geophysical logging

15.2 to 16.0 m (50 to 52.5 ft) bgs -- Characterize the zone just below the cesium
contamination detected during spectral gamma geophysical logging

31.2 to 32.0 m (102.5 to 105 ft) bgs -- Characterize the zone at the maximum depth of
contaminationi indicated by gross gamma geophysical logging

54.1 to 54.9 in (177.5 to 180 ft) bgs -- Characterize the contaminant distribution at the
contact between the Hanford formation sand-dominated and lower gravel-dominated
sequences

71.0 to 71.8 in (233 to 235.5 ft) bgs -- Characterize the deep zone of cesium
contamination detected during spectral gamma geophysical logging

• 79.7 to 80.5 m (261.5 to 264 ft) bgs -- Characterize the capillary fringe to evaluate impact
to groundwater.
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An additional sample was required from the near-surface (0.2 m [0.5 ft] bgs) to suppo rt

management and designation of the waste. Two unplanned samples were collected from the
interval 7.6 to 8.4 m (25 to 27.5 ft) bgs and the inte rval 8.4 to 9.1 m (27.5 to 30 ft) bgs.
A sample was collected in the inte rval 7.6 to 8.4 m (25 to 27.5 ft) bgs after a decrease in
radiological readings was noted. However, the exhauster on the sample table enclosure failed
while the subsamples were being collected from the split-spoon sampler from this interval, and
the subsequent interval (8.4 to 9.1 m [27.5 to 30 ft] bgs) was sampled to provide a complete
sample suite at this depth. Sample intervals are shown on Figure 2-1.

Samples collected to meet the 200-PW-3 OU representative waste site sampling objectives are
summarized in Table 2-2. The remedial investigation repo rt will contain the chemical and
radiological analytical results from this d ri lling. (Note: The soil sample intervals are 0.8 m
[2.5 ft] long, which includes the 0.6 m [2-ft] long split-spoon sampler and the 0.2 m [0.5-ft] long
shoe at the base of the sampler. The soil sample inte rvals on the geologist's borehole log
(Appendix E) are 0.6 m (2 ft) long, based on the length of the split-spoon sampler without the
shoe.)

Table 2-2. Sample Collection Information Summary. (2 Pages)

HEIS
Samle:P..

Collection	 .-
Sample Intervall	 ;-:

omment

W ^^

^<

T°
(ft bgs^^

F

(ft bgs) ;	 ..

Soil Samples

B1D7C5 June 2, 2005 1.5 1.5
Soil (grab) sample (pesticides,
herbicides)

B 1 D9C0 June 8, 2005 19 21.5 Soil sample (radionuclides)

BID9Y4 June 8, 2005 19 21.5 Soil sample

B1D9C1 June 8, 2005 22.5 25 Soil sample (radionuclides)

B1D9Y5 June 8, 2005 22.5 25 Soil sample

B 1 D9Y3 June 9, 2005 25 27.5 Activity scan

B 1 DB28 June 9, 2005 25 27.5 Activity scan

B 1 DB25 June 9, 2005 25 27 .5
Primary replicate soil sample (volatile
organic analysis)

B 1 DB24 June 9, 2005 25 27 .5
Replicate soil sample (volatile organic
analysis)

B1D7C6 June 13, 2005 27.5 30 Activity scan

B 1 D7C8 June 13, 2005 27.5 30 Primary split soil sample

B 1 D7C7 June 13, 2005 27.5 30 Split soil sample

B 1 D7D 1 June 14, 2005 49 51.5 Activity scan

BID7C9 June 14, 2005 49 51.5 Primary replicate soil sample

B1D7D0 June 14, 2005 49 51.5 Replicate soil sample

B 1 D987 June 23, 2005 104 106.5 Activity scan

B 1 D992 June 23, 2005 104 106.5 Soil sample

B 1 D988 June 27, 2005 178 180.5 Activity scan

2-4



WMP-27020 REV 0

10,11-
	 Table. 2-2. Sample Collection Information Summary. (2 Pages)

HEIS
Number

Sample
Collection

Date

Sample Interval*
CommentTop

(ft bgs)
Bottom
(ft bg§)

BID993 June 27, 2005 178 180.5 Soil sample

B 1 D989 June 29, 2005 234 236.5 Activity scan

BID994 June 29, 2005 234 236.5 Soil sample

B 1 D990 June 30, 2005 262 264.5 Activity scan

131D995 June 30, 2005 262 264.5 Soil sample

Equipment Blanks

B 1 D7F 1 June 7, 2005 N/A N/A

B 1 D7F2 June 7, 2005 N/A N/A

Trip Blanks

B1D7D3 June 7, 2005 N/A N/A Volatile organic analysis

B 1 D7D4 June 13, 2005 N/A N/A Volatile organic analysis

B 1 D7D5 June 14, 2005 N/A N/A Volatile organic analysis

B1D7D7 June 23, 2005 N/A N/A Volatile organic analysis

BID7D8 June 27, 2005 N/A N/A Volatile organic analysis

B1D7D9 June 29, 2005 N/A N/A Volatile organic analysis

B 1 D7F0 June 30, 2005 N/A N/A Volatile organic analysis

Sample depths were adjusted by 0.3 m (I ft) from originally planned depths to account for added drill pad
material.

bgs = below ground surface.
N/A = not applicable.
HEIS = Hanford Environmental Information System database.

2.3 FIELD SCRIEENING

Field radiation screening consisted of two types of activities; surface radiation surveys performed
before drilling; activities as well as following drilling activities, and field screening; of cuttings
and soil samples brought to the surface during the drilling process.

The surface radiation survey performed at the waste site before drilling activities documents any
existing surface contamination and supports preparation of health and safety documentation.
Qualified RCTs carried out surface radiation surveys in accordance with applicable health and
safety procedures and prepared a survey report for the site. A post-drilling survey at the drill site
ensured that sampling activities did not contribute to surface contamination. HNF-IP-1277.
Deactivation & Decommissioning Radiation Protection Procedures, Section 5.6.15, "Operation
of Mobile Surface Contamination Monitor II," or other applicable approved procedures
controlled these surveys.

All samples and cuttings from the borehole were field screened by the RCTs for evidence of
radioactive contamination. Field screening helped to identify the bottom of the waste site, aided
in adjusting sample intervals as necessary, and assisted in determining sample shipment
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requirements, in addition to supporting worker health and safety monitoring. RCTs screened soil
samples for alpha, beta, and gamma radioactivity before the samples were placed into containers
and shipped from the drill site. The RCTs recorded all field measurements, noting the depth of
the sample and the instrument reading.

Classification of the drilling as high to medium risk or low risk reflects sampling and
geophysical logging information from nearby wells. This classification resulted in continuous
radiological field screening of the drill cuttings and immediate work area by the RCTs during
drilling activities in high- to medium-risk intervals (i.e., between the surface and 21.3 m [70 ft]
bgs). RCT coverage in low-risk intervals (i.e., deeper than 21.3 m [70 ft] bgs) was on an
AM/PM basis. A Radiological Work Permit was prepared to cover working with radioactive
contaminated soils.

Radiological monitoring of drilling spoils from the interval 4.0 to 4.6 m (13 to 15 ft) bgs on
June 7, 2005, showed elevated beta-gamma readings, indicating the presence of radioactive
material in the soils. These elevated readings resulted in conversion of the work zone to a
radiological contamination area. The radiological contamination area was subsequently
downposted at a depth of 21.3 m (70 ft) bgs on June 21, 2005. Table 2-3 summarizes all direct
radiation measurements recorded from Borehole C4545. Figure 2-1 presents direct
contamination measurements correlated to the borehole geology at Borehole C4545. Figure 2-1
also includes direct-dose-rate measurements recorded for Borehole C4545, as well as
information from geophysical logging of the borehole.

2.4 AIR MONITORING

The industrial hygiene technician provided air monitoring on a full-time basis while the borehole
was drilled through the high- to medium-risk interval (i.e., between surface and 21.3 m [70 ft]
bgs) and then on a twice-daily basis during drilling in low-risk intervals (i.e., deeper than 21.3 m
[70 ft] bgs). Drill cuttings and soil samples were screened for volatile organics using hand-held
organic vapor analyzers. Table 2-4 summarizes these monitoring results.

The industrial hygiene technician reported a reading of —6 ppm organic vapors, measured with an
OVM, from cuttings found between 14.2 and 14.6 m (46.5 and 48 ft) bgs, just beneath the
semiconfining silty-sand layer encountered between 14.0 and 14.6 m (46 and 46.5 ft) bgs. This
was a transient, nonreproducible reading. The industrial hygiene technician also reported
sustained elevated OVM readings, with a maximum reading of —2 ppm/M, from cuttings found
between 16.5 and 16.8 m (54 and 55 ft) bgs.
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Table 2-3. Radiation Control Measurements from Borehole C4545 Sediments. (2 Pages)

Thermo Electron PG-2 low-energy gamma hand probe.	 a = alpha radiation.
b Thermo Electron high-sensitivity gamma detector. 	 p = beta radiation.
` Geiger-Mueller meter.	 y = gamma radiation.
d Eberline RO-3 13 (CP) po rtable air-filled ionization	 K = thousand (x 1,000).

chamber dose rate meter "Cutie Pie."

GM	 = Geiger-Mueller (radiation counter).
PG	 = PG-2 is a trademark of Thermo Electron Corporation, Santa Fe, New

Mexico.
PAM = po rtable alpha meter.
SPA = SPA-3 is a trademark of Eberline Instruments, a subsidiary of Thermo

Electron Corporation, Waltham Massachusetts.
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Figure-2 -1. Borehole Geology, Direct Radioactive
Contamination Measurements, and Geophysical

Logging at Borehole C4545.
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Point Source and Area Field Data Personal Sam tin Data

Date Depth
Start.

(ft)

BH
Depth

End (ft)

Source Area
Personal
Sample

1D

Chloroform,
TWA
(ppm)

Acetone Methylene
Chloride

Tetrachloro-
ethyleneTotal

Minutes

Max
OVA1'

Reading
(PI m

Start
Time

Stop
Time

Total
Minutes

Max
OV1M,,

Reading
m

Estimated
8-Hour
TWA
m

06/02/05 1.0 1.5
- -0606.!05 1 S 10.0

06,107/05 10.0 18.0
3 0.10 0730 0753
1 0.02 1407 1408

06/08`05 16.5` 23.0 - - - -
06/09`05 23.0 25.0
06/10/05 25.0 25.0 - -
06/13/05 25 38 0.3 1.90 - -

06/14/05 38 54
7 5.70 0948 0955 7.0 3.0

0.0506
L AK8173 <0. i i <0.13

3 4.00 0956 0958 3.0 1.1 AKS055 <0.II <0.13

- - - - - - AK8088 <0.10 <0.12

06/15/05 54 55

8 1.00 0910 0918 8 1.00

0.0602

- -

3 0.90 0912 0915 3 0.90

- - 0924 0926 2.00 1.30

3 2.00 0927 0930 -

13 1.20 1440 1453 13 1.20

1 1.90 1510 1511 -

R 2.90 1512 1520

061 16/05 SS 55 - - - - - - - - - - -

06/20/05 SS 57.5
--	 -_ - I	 Y46050 <0.00089 <0.0027 1	 <.0018 1	 <00099

_ _ _ _ _ _ Y47944 <0.00083 0.002 <0.0016 00<0.083

06121/05 57.5 70

4 0.30 0717 0721 X33274 <D 0.0099 <D <D

4 0.50 0721 0725 X33061 <D <0.0025 <D <D

3 0.20 0728 0731 - -
4 0.20 0731 0734

6 1.70 1030 1036

06,/22/05 70 70

06/23/05 70 113

06/24/05 113 155

06/27/05 155 189
06/28/05 189 226

0629/05 226 260 _.

06/30/05 260 264.5

G

.b

N
v
0
r^
0

CriC
n

' OVM	 =	 organic vapor meter with 11.8 eV lamp. 	 BH	 = borehole.
Hand dug below d ri ll pad for surface sample. 	 ID	 = identification.

Start depth was -- 16.5 ft below ground surface (slough in casing). 	 TWA = time-weighted average.
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2.5 BOREHOLE GEOPHYSICAL LOGGING

Borehole geophysical logging of Borehole C4545 took place when the borehole was at a depth of
21.3 m (70 ft) bgs and again at total depth for the borehole (80.6 m [264.5 ft] bgs). Borehole
geophysical logging records the vertical distribution of radionuclides in the soil beneath the
waste site as a means of locating and quantifying contamination, in addition to aiding in
interpretation of subsurface stratigraphy. Borehole logging equipment is calibrated annually,
with calibration data used to calculate casing attenuation factors that convert measured peak-area
count rates to radionuclide concentrations. The logging system provided a continuous
radiometric signature of the soils, measured through a single thickness of casing, to a depth
approximately 0.3 m (1 ft) above the water table (water table was measured at 79.76 m
[261.67 ft] bgs on June 30, 2005). Appendix F contains the geophysical logging results for
Borehole C4545. This report provides a brief summary of these results.

Two intervals in Borehole C4545 showed detectable Cs-137; one interval from the ground
surface to 1.5 in (5 ft) bgs and the other from 3.4 to 22.3 m (11 to 73 ft) bgs. The highest
concentration zone lies between 3.4 and 7.6 m (11 and 25 ft) bgs, with a maximum concentration
of approximately l .5 million pCi/g measured at 6.1 in 	 ft) bgs. Potential casing
contamination may be the cause of Cs-137 contamination observed at relatively low
concentrations (e.g., below 10 pCi/g) between 12.2 and 22.3 m (40 and 73 ft) bgs and the cause
of Cs-137 spikes at probable casing joints at 15.2 and 18.3 m (50 and 60 ft) bgs.

2.6 BOREHOLE CIVIL SURVEY

The boreholes were surveyed in accordance with GRP-EE-01-1.6, Survey Requirements and
Techniques. Vertical survey data were recorded using NAVD88, North American Vertical
Datum of 1988, and the horizontal coordinates were recorded using the Washington State Plane
(South Zone) NAD83, North American Datum of 1983, with the 1991 adjustment for horizontal
coordinates. Table 2-1 shows survey data for Borehole C4545.

2.7 WASTE MANAGEMENT

Table 2-5 summarizes the investigation-derived waste from Borehole C4545.
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Waste
Type

CIN' PINb
Project/

Well

Number

Container
Size Waste Descrip 04w.,	 ,-

Soils 0-10 ft

Date
Sealed

1

Comments
f

IDOL' 0017980 PW3-05-001 C4545 55 gal 06/06/05 <0.5 mR on contact; stored in CWCSA

IDW 0017948 PW3-05-002 C4545 55 gal Soils 10-20 ft 06/08/05 35 mR on contact; 20 mR @ 30 cm; stored in RA

IDW 0017981 PW3-05-004 C4545 55 gal Soils 20-23 ft 06/08/05
110 mR on contact; 50 mR @ 30 cm; overpacked in
CIN #0021154; stored in RA

IDW 0021154 PW3-05-037 C4545 85 gal
Overpack for drum
PW3-05-004

06/14/05 Overpack dnlm inside PW3-05-004; stored in RA

IDW 10018253 PW3-05 005 C4545 155 gaiI B orehole cleanout (Soil)
23-23 ft 06/08/05

120 mR on contact; 70 mR @ 30 cm; overpacked in
CIN #0022017; stored in RA

IDW 0022017 PW3-05-038 C4545 85 gal
Overpack for drum
PW3-05-005

06/14/05 Overpack drum inside PW3-05-005; stored in RA

IDW 0018260 PW3-05-006 C4545 55 gal Soils 23-25 ft and MSW 06/09/05 12 mR on contact; 4 mR @ 30 cm; stored in RMA

IDW 0018254 PW3-05-007 C4545 55 gal Soils 25-31 ft 06/13/05 5 mR on contact; 1 mR @ 30 cm; stored in RMA

IDW 0018261 PW3-05-008 C4545 55 gal
Soils 31-34 	 ft and

06/13/05 <0.5 mR on contact; stored in CWCSA

IDW 0018180 PW3-05-010 C4545 55 gal
Soils 34.5-41 ft and
MSW

06/14/05 <0.5 mR on contact; stored in CWCSA

IDW 0018131 PW3-05-011 C4545 55 gal Soils 41-49 ft and MSW 06/14/05 <0.5 mR on contact; stored in CWCSA

IDW 0018173 PW3-05-012 C4545 55 gal Soils 49-57.5 ft 06/20/05 <0.5 mR on contact; stored in CWCSA

IDW 0018132 PW"3-05-013 C4545 55 gal Soils 57.5-62.5 ft 06/21/05 <0.5 nlR on contact; stored in CWCSA

IDW 0018174 PW3-05-014 C4545 55 gal Soils 62.5-66 ft 06,121/05 <0.5 mR on contact; stored in CWCSA

IDW 0018129 PW3-05-015 C4545 55 gal Soils 66-69 ft 06/21/05 <0.5 mR on contact; stored in CWCSA

IDW 0018130 PW3-05-017 C4545 55 gal	 Tsoils 69-79 ft 06/23/05 <0.5 mR on contact; stored in CWCSA

IDW 0018171 PW3-05-016 C4545 55 gal Soils 79-89 ft 06/23/05 <0.5 mR on contact; stored in CWCSA

IDW 0018172 PW3-05 -018 C4545 55 gal Soils 89-99 ft 06!23/05 <0.5 mR on contact; stored in CWCSA

IDW 0018138 PW3-05-019 C4545 55 gal Soils 99-117 ft 06/24/05 <0.5 mR on contact; stored in CWCSA

IDW 0018137 PW3-05-020 C4545 55 gal Soils 117-124 ft 06/24/05 <0.5 mR on contact; stored in CWCSA

N

i
CJ
llc^

I

N
JO
NO

m
C
O
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Waste
Type CW PIN'

Project%
Well

^Number

Container
Size

Waste Description
Date

Sealedx.;.

-
Comments

IDW 0025896 PW3-05-021 C4545 55 gal Soils 124-135 ft 06/24/05 <0.5 mR on contact; stored in CWCSA

IDW 0025958 PW3-05-022 C4545 55 gal Soils 135-147 ft 06/24/05 <0.5 mR on contact; stored in CWCSA

IDW 0025868 PW3-05-023 C4545 55 gal Soils 147-154 ft 06/27/05 <0.5 mR on contact; stored in CWCSA

IDW 0025980 PW3-05-024 C4545 55 gal Soils 154-164 ft 06/27/05 <0.5 mR on contact; stored in CWCSA

IDW 0025915 PW3-05-025 C4545 55 gal Soils 164-175 ft 06/27/05 <0.5 mR on contact; stored in CWCSA

IDW 0025916 PW3-05-026 C4545 55 gal Soils 175-186 ft 06/27/05 <0.5 mR on contact; stored in CWCSA

IDW 0025920 PW3-05-028 C4545 55 gal Soils 186-196 ft 06/28/05 <0.5 mR on contact; stored in CWCSA

IDW 0025872 PW3-05-029 C4545 55 gal Soils 196-207 ft 06/28/05 <0.5 mR on contact; stored in CWCSA

IDW 0025918 PW3-05-030 C4545 55 gal Soils 207-221 ft 06/28/05 <0.5 mR on contact; stored in CWCSA

IDW 0025983 PW3-05-031 C4545 55 gal Soils 221-230 ft 06/29/05 <0.5 mR on contact; stored in CWCSA

IDW 0025917 PW3-05-032 C4545 55 gal Soils 230-241 ft 0629/05 <0,5 mR on contact; stored in CWCSA

IDW 0025982 PW3-05-033 C4545 55 gal Soils 241-251 ft 06/29/05 <0.5 mR on contact; stored in CWCSA

IDW 0025919 PW3-05-034 C4545 55 gal Soils 251-262 ft 06/30/05 <0.5 mR on contact; stored in CWCSA

IDW 0025984 PW3-05-035 C4545 55 gal
Soils 262 to 264 ft
(total depth)

06/30/05 <0.5 mR on contact; stored in CWCSA

N [v
0
N0
7^
Cri

0

Table 2-5. Summary of Investigation-Derived Waste from Borehole C4545 at the 216-A-8 C rib (2 Pages)

' CN	 = container identification number (scannable barcode).
PIN	 = primary drum identification number (written number).

CWCSA = Central Waste Container Storage Area.
DW = investigation-de rived waste.

MSW = miscellaneous solid waste.
RA =	 Radiation Area.
RMA =	 Radioactive Materials Area.
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3.0	 SUBSURFACE DESCRIPTION

3.1 GEOLOGY OF THE 200 EAST AREA

Generalized stratigraphy in the 200 East Area near the 216-A-8 Crib includes a thin veneer of
surficial sediments consisting of unconsolidated and unweathered Holocene aeoliari sands and
loess overlying unconsolidated sediments of the Hanford formation. The Hanford formation
consists of Pleistocene-age cataclysmic flood and inter-flood deposits, consisting of a sand-
dominated sequence (Unit 2) overlying a basal gravel-dominated sequence (Unit 3). Hanford
formation sediments disconfonnably overlie sands and gravels of the Miocene to Pliocene
Ringold Formation. The Ringold Formation, in descending order, consists of the Lipper Ringold
Unit (primarily gravelly sand), Unit "E" of the Ringold Formation (primarily sandy gravel), the
Ringold lower mud (primarily silt and fine sand) and Unit "A" of the Ringold Formation
(primarily sandy gravel). The Ringold Formation overlies flood basalt flows of the Miocene
Columbia River Basalt Group. Basalts flows of the Elephant Mountain Member of the Saddle
Mountains Basalt form the base of the suprabasalt aquifer.

The following section describes geology specific to Borehole C4545 at the 216-A-8 Crib.

3.2 GEOLOGY AT BOREHOLE C4545

The upper portion of the borehole encountered 0.5 in 	 ft) of crushed rock used to construct
the drill pad, overlying crib construction backfill consisting of 1.4 m (4.5 ft) of gravelly sand,
2.1 in (7.0 ft) of sand., and 1.8 m (6.0 ft) of very coarse gravel. Although the proposed sample
depths were adjusted by 0.3 m (1.0 ft) to account for the drill pad (see footnote to Table 2-2), it
was determined that the pad thickness was actually 0.5 m (1.5 ft). However, no further
adjustments to proposed sample depths were made.

Medium	 Depth (m bgs) Depth (ft bgs)

Drill Pad

Crushed rock 0.5 1.5

Crib Construction Backt711

Gravelly sand	 1.4

Sand	 2.1

Very coarse gravel 	 1.8

4.5

7.0

6.0

3-1
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The interval beneath the crib construction back fill, extending from 5.8 to 54.3 m (19.0 to
178.0 ft) bgs, consists of well-stratified, very fine- to coarse-grained sands belonging to the sand-
dominated facies of the Hanford formation (Unit 2). Several intervals contain finer-grained silty
sands, including 14.0 to 14.2 m (46.0 to 46.5 ft) bgs, 30.2 to 31.7 m (99.0 to 104.0 ft) bgs, 36.3
to 37.5 in 	 to 123.0 ft) bgs, 38.7 to 42.1 m (127.0 to 138.0 ft) bgs, 48.3 to 49.4 m (158.5 to
162.0 ft) bgs, 50.6 to 51.2 m (166.0 to 168.0 ft) bgs, 51.4 to 52.1 in 	 to 171.0 ft) bgs, and
52.3 to 52.7 m (171.5 to 173.0 ft) bgs. Intervals containing coarser-grained gravelly sands
include 14.6 to 16.8 in 	 to 55.0 ft) bgs and 52.7 to 54.3 in 	 to 178.0 ft) bgs. Intervals
containing silty gravelly sand include 29.7 to 30.2 in 	 to 99.0 ft) bgs, 32.9 to 34.1 m (108.0
to 112.0 ft) bgs, 43.9 to 45.4 m (144.0 to 149.0 ft) bgs, and 45.7 to 46.6 in 	 to 153.0 ft)
bgs. Intervals with silt include 51.2 to 51.4 m (168.0 to 168.5 ft) bgs and 52.1 to 52.3 m (171.0
to 171.5 ft) bgs.

Medium Depth (m bgs) D	 bgs);,

Finer-grained silty sands 14.0 to 14.2 46.0 to 46.5

30.2 to 31.7 99.0 to 104.0

36.3 to 37.5 119.0 to 123.0

38.7 to 42.1 (127.0 to 138.0

48.3 to 49.4 158.5 to 162.0

50.6 to 51.2 166.0 to 168.0

51.4 to 52.1 168.5 to 171.0

52.3 to 52.7 171.5 to 173.0

Coarser-grained gravelly
sands

14.6 to 16.8 48.0 to 55.0

52.7 to 54.3 173.0 to 178.0

Silty gravelly sand 29.7 to 30.2 97.5 to 99.0

32.9 to 34.1 108.0 to 112.0

43.9 to 45.4 144.0 to 149.0

45.7 to 46.6 150.0 to 153.0

Silt 51.2 to 51.4 168.0 to 168.5

52.1 to 52.3 171.0 to 171.5

3-2
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The interval from 543 to 74.8 m (178.0 to 245.5 ft) bgs consists of the gravel-dominated facies
of the Hanford. formation (Unit 3). These gravels consist of poorly sorted, angular to
sub-rounded, heterolithic cobbles (basalts and other dominantly igneous lithologies). Cobbles
range from small pebbles (4 to 6 mm) to large cobbles (64 to 256 mm). Intervals consisting of
silty sandy gravel include 54.3 to 59.1 m (178.0 to 194.0 ft) bgs and 62.5 to 64.0 m (205.0 to
210.0 ft) bgs. Intervals containing gravelly sand include 59.1 to 62.5 m (194.0 to 205.0 ft) bgs,
66.3 to 67.7 in (217.5 to 222.0 ft) bgs, 67.8 to 68.6 m (222.5 to 225.0 ft) bgs, and 69.2 to 70.7 m
(227.0 to 232.0 ft) bgs. Intervals consisting of sandy gravel include 64.0 to 66.3 m. (210.0 to
217.5 ft) bgs, 68.6 to 69.2 m (225.0 to 227.0 ft) bgs, and 72.4 to 74.8 m (237.5 to 2.45.5 ft) bgs.
The interval from 67.7 to 67.8 m (222.0 to 222.5 ft) bgs is a thin lens of silty sand, and the
interval from '70.7 to 72.4 m (232.0 to 237.5 ft) bgs consists of sand.

r

Mediiuiin; De th m bgs) De 	 ft bgs)

Silty sandy gravel 54.3 to 59.1 178.0 to 194.0

62.5 to 64.0 205.0 to 210.0

Gravelly sand 59.1 to 62.5 194.0 to 205.0

66.3 to 67.7 217.5 to 222.0

67.8 to 68.6 222.5 to 225.0

69.2 to 70.7 227.0 to 232.0

Sandy gravel 64.0 to 66.3 210.0 to 217.5

68.6 to 69.2 225.0 to 227.0

72.4 to 74.8 237.5 to 245.5

Thin lens of silty sand 67.7 to 67.8 222.0 to 222.5

Sand 70.7 to 72.4 232.0 to 237.5

The interval from 74.8 to 80.6 m (245.5 to 264.5 ft) bgs (total depth) consists of sandy gravels of
the Ringold Formation Unit A. These sediments consist of clast- to matrix-supported pebble
(2 to 64 mm) to cobble (64 to 256 mm) heterolithic gravels with a fine- to coarse-grained sandy
matrix. Lenticular sand and silt interbeds also are characteristic of the Ringold Formation
Unit A.

Figure 3-1 illustrates the geology at Borehole C4545, and Appendix E contains the borehole log
for Borehole C4545.
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Figure 3-1. Summary of Borehole Geology at Borehole C4545.
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APPENDIX A

216-A-8 CRIB SOIL VAPOR SAMPLING IN DIRECT-PUSH BOREHOLES
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APPENDIX A

216-A-8 CRIB SOIL VAPOR SAMPLING IN DIRECT-PUSH BOREHOLES

On .July 7 and July 8, 2004, in situ soil-vapor sampling was conducted along the length of the
216-A-8 Crib, in accordance with guidance provided by DOE/RL-2001-01,
Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable Unit RI/FS Work
Plan, Includes: 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units, Appendix B, the
sampling and analysis plan. A direct-push technology, the GeoProbe', was used to install
boreholes for access to the shallow vadose zone, and soil-vapor samples were collected from the
bottom of each borehole. The borehole locations are shown in Figure A-1.

Installation of the five boreholes started at the western end of the crib and proceeded toward the
eastern end_ The sequence for borehole installation was C4544, C4543, C4542, C4541, and
C4540. Installation of three direct-push boreholes (04542, C4543, and C4544) occurred on
July 7, 2004, and installation of the remaining two boreholes (04540 and C4541) took place on
July 8, 2004. Four boreholes (C4541, C4542, C4543, and C4544) were pushed to a depth of
4.7 ill 	 ft) below ground surface (bgs). Borehole C4540 was pushed to refusal at 3.7 in
(12.3 ft) bgs.

After each borehole reached final depth, the casing string was retracted for 0.3 m (1 ft) to
provide a 0.3 m (1-ft)-aong open sampling interval. A metal mesh screen attached to TYGONZ
tubing then was lowered into the hole until it reached bottom. A seal around the tubing at the top
of the hole was formed by inserting a nitrile glove into the casing and taping over the top with
electrical tape. The end of the tubing was connected to a Thenno Environmental Instruments
Inc. Model 580S organic vapor monitor (OVM) (serial # 58OS-57818-315) 3 calibrated with
isobutylene calibration gas with a known concentration of 104 ppm. The OVM was used to
pump the vapor through the tubing to the surface.

Planning, drilling, and decommissioning of the direct-push GeoProbe boreholes adhered to the
guidelines and requirements presented in GRP-EE-02-14.2 (GeoProbe, Casing Driving, and
Push Technology Installations). The GeoProbe boreholes conformed to standards defined in
WAC-173-160 (Minimum ,Standards for Construction and Maintenance of Wells).

1 GeoProbe is a registered trademark: of GeoProbe Systems, Salina, Kansas.

2 TYGON is a registered trademark of Norton Performance Plastics Corporation, a Saint-Gobain Company, Akron,
Ohio.

s Thermo Environmental is an abbreviation for Thermo Electron Corporation, Environmental Instruments Division,
Franklin, Massachusetts, of which Model 580S is a trademark.
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Figure A-1. Location of Direct-Push (GeoProbe) Boreholes and Existing Wells
at the 216-A-8 Crib.
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The OVM initially was operated for at least 5 minutes to exhaust air from the void space of the
casing. The casing had an inside diameter of approximately 2.5 cm (1 in.) and was 4.9 in 	 ft)
in length, resulting in an internal volume of approximately 2458 cm  (150 in 3 )or 2.5 L. The
OVM pump extracts approximately 0.5 to 1 L per minute, so 5 minutes of operation, assuming
extraction at the lower pumping rate, was considered sufficient to exhaust any atmospheric air
introduced into the casing and allow sampling of in situ soil vapor. Following the 5-minute
purge of the borehole, the OVM was used to measure the concentration of organic compounds in
the soil vapor. A soil-vapor sample then was collected in a Tedlar4 bag for field screening using
an Innova s multigas analyzer and a Photovac l OS Plus G gas chromatograph. The Innova
multigas analyzer and the gas chromatograph are calibrated to identify individual organic
compounds, whereas the OVM can measure only the total organic concentration.

The OVM then was removed from the tubing, and the end of the tubing was capped to prevent
introduction of atmospheric air into the system. Drager? tubes (colorimetric indicator tubes) then
were attached to the end of the tubing, and samples were drawn through the tubes by using a
bellows style pump (Drager 2001, Drager-Tubes/CMSHancibook). Four specific types of
Drager tubes, described below, were selected to cover the range of organic contaminants that
might be present, in addition to the volatile organic compounds that could be analyzed using the
gas chromatograph and Innova analyzer.

A Drager tube is a glass vial containing a chemical preparation that is designed to react with a
specific compound and change color. Drawing a specified volume of soil vapor through the
glass vial and reagent substrate allows the reagent substrate to undergo the chemical reaction and
produce the color change, if the specific compound is present in the soil vapor. On tubes with
gradational markings, -the length of the resulting color change correlates to the concentration of
the specific substance in the soil vapor, and the concentration is read directly from gradational
markings on the tube. On tubes without gradational markings, color changes only indicate the
presence of the specific substance. However, these tubes provide a qualitative indication of the
relative amount of the substance present through either the length of the discoloration or the
intensity of the color change. Drager tubes allow on-the-spot measurement at a given location
over a relatively shore: period. They are sealed until use, have a shelf life of about 2 years, and
require no user calibration. The results are accurate for tubes with and without gradational
markings. Following is a discussion of the four types of tubes employed at the 216-A-8 Crib.

4 Tedlar is a registered trademark of E. I. du Pont de Nemours and Company., Wilmington, Delaware.

5 Innova is a trademark of Innova AuTech Instruments A/S, Ballerup, Denmark.

1--.	 6 Photovac IOS Plus is a trademark oi'Photovac, Inc., Waltham, Massachusetts.

' Drager is a trademark of DFI Testing Equipment, Inc., Houston, Texas. (aka OFITE)
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-Hydrocarbon 0.1 %/b - The tube contains iodine pentoxide (I 205), which reacts with
hydrocarbons to produce iodine, manifested by a color change from white to brown gray. It is
primari ly an indicator of hydrocarbons with double bonds, such as propane/butane (C3H8/C4H,o).
The general reaction is as follows:

C3H8 / C41­11 a + I205 ' 12.

Propane has a measurement range of 0.1 to 0.8 vol%, and butane has a measurement range of
0.5 to 1.3 vol%. The standard deviation is f 30 to 40%.

-Hydrocarbon 2 - The tube contains selenium dioxide (SeO 2), which reacts with hydrocarbons
(CBH, ․) to produce a color change from pale yellow to brown. This reagent indicates both
aliphatic and aromatic hydrocarbons, although aromatic hydrocarbons produce a more reddish
color change. The general reaction is as follows:

C 8H 18 + Se02 — > brown reaction product.

Octane has a measurement range of 3 to 23 (mg/L hydrocarbon)/L. The standard deviation is
± 30 to 40%.

•Pol est - The tube contains iodine pentoxide, which reacts with easily oxidized compounds to
produce a color change from white to brown, green, or possibly violet, depending on the
substances present. The reaction principle is as follows:

CO + I205 ' I2 + CO2.

This tube provides a qualitative screening test for the presence or absence of a number of
compounds, including acetone, acetylene, arsine, benzene, butane, carbon monoxide, carbon
disulfide, ethylene, hydrogen sulfide, octane, perch] oroethyl en e, propane, styrene, and
toluene/xylene. The presence of several substances can be indicated when individual concentrations
exceed the following levels:

2000 ppm Acetone 10 ppm Acetylene 1 ppm Arsine

50 ppm Benzene 100 ppm Butane 5 ppm Carbon monoxide

1 ppm Carbon disulfide 50 ppm Ethylene 2 ppm Hydrogen sulfide

10 ppm Octane 20 ppm Perchloroethylene 500 ppm Propane

10 ppm Styrene 10 ppm Toluene/Xylene

This tube does not provide indications for methane, ethane, hydrogen and carbon dioxide.

-Ammonia 5/a - The tube contains a pH indicator that reacts with ammonia (NH 3 ) to produce a
color change from yellow orange to blue. There is no interference by up to 300 ppm of nitrous
gases (NOx), 2000 ppm of sulfur dioxide, and 2000 ppm of hydrogen sulfide. The tube also
detects organic amine compounds. The general reaction is as follows:

PH indicator + NH 3 --> blue reaction product.
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Ammonia has a measurement range of 5 to 70 ppm with a standard deviation of t 10 to 15%.
Detection below 5 ppm is possible, but only as a qualitative indication.

Table A-1 lists the borehole, inte rval sampled (between the depth of total push and depth of
casing bottom after back-pulling 0.3 m [I ft]), and OVM reading (in pa rts per million). The next
four columns list the results of testing using the ammonia, polyl:est, hydrocarbon 0.1°/o/b, and
hydrocarbon 2 Drager tubes.

Table A-2 lists the analytical results For soil vapor samples that were collected in Tedlar bags and
analyzed using the gas chromatograph and the Innova analyzer. Two duplicate samples, one on
each day of sampling, also were collected in Tedlar bags and analyzed as pa rt of this process.
Calibration checks using a set. of standards were performed before analysis beg an and at the end
of analysis each day. 'Fable A--2 shows that most variances from the standards were less than
10 percent. A blank sample consisting of cert ified clean air also was analyzed each day. The
sample holding time of six hours was exceeded for four samples, including both duplicate
samples and one of the original samples used as part of the original / duplicate quality control
pair. The close correlation between the results for the original sample that did not exceed the
hold time and the duplicate that did exceed the hold time suggests that exceeding the hold time
may not have affected the sample results.

Table A-l. Field Screening Results for In Situ Soil Vapor Samples Analyzed using the Organic
Vapor Monitor and Drager Tubes.

-- DrOger Tubes

Borehole
Sample

Sample
Interval

Depth to
Gravel O Hydro-^ -... Hydro-

= Date
(ft'" "

.:_^ :
(ft 1ppm ) Ammonia Pol'ytest carbon carbon

0.10./b 2

14.3 -
C4544 07/07/2004 15.3 N/A 0.3-0.5 ND ND ND Trace

14.3 -
C4543 07/07/2004 15.3 12 2 ND ND ND ND

14.3
04542 07/07/2004 15.3 12 0 ND ND ND ND

14 .3 - --
C4541 07/08/2004 15.3 11 0.5-0.70.7 ND ND ND ND

11.3
C4540 07/08/2004 12.3 8 0.3 ND ND Trace ND

ND	 = not detected.
OVM = organic vapor monitor.
Trace = slight change rioted.

The only soil-vapor samples that showed Drager tube test reactions were from Boreholes C4544
and 04540, and the reactions were weak trace reactions in both cases (Table A-1). Tubes used in
the sampling were checked on July 8, 2004, to determine if they were functioning correctly, by
drawing vapor from the exhaust of a diesel engine and the smoke from a cigarette. Both of these
tests produced positive indications of reaction on the tubes. No volatile organic compounds were
detected in the soil-vapor samples analyzed using the gas chromatograph or the Innova analyzer
(Table A-2). Only trace quantities of organic contamination were detected using the OVM
(Table A-1).
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Table A-2. Industrial Hygiene Survey Results for 216-A-8 GeoProbe
Boreholes.

Borehole Location Tested
_ NH3 (PPM)

Vola '
Or angcs,u)..

o02 (%)

C4544 Breathing Zone <D <D 20.8

C4544 Point Source <D <D 20.8

C4543 Breathing Zone 2.1 <D 21.3

C4543 Point Source 20.8 0.03 20.9

C4542 Breathing Zone <D <D 21.0

C4542 Point Source 22.1 0.04 19.5

C4541 Breathing Zone <D <D 20.9

C4541 Point Source <D <D 20.9

C4540 Breathing Zone <D <D 21.0

C4540 Point Source <D <D 212

<D = less than detect.
NH 3 = ammonia.
Oz = oxygen.

Health and safety monitoring was conducted by the industrial hygiene technician during
installation, sampling, and decommissioning activities at the five GeoProbe boreholes.
Monitoring included breathing-zone and point-source readings for volatile organics, ammonia,
and combustible gases. The industrial hygiene technician detected contaminants in the open
casing at Boreholes C4543 and C4542 immediately after the casing was back-pulled to expose
the sampling interval, and the back-pull tool was removed from the top of the casing
(Table A-3). These initial concentrations quickly dissipated. Instruments used for monitoring
were a VX500 PhotoIonization Detector for ammonia and organics, Industrial Scientific
TMX412 Multi-Gas Monitory for 02 and lower explosive limit, and Manning EC-P2 10 ammonia
meter.

8 VX500 PhotoIonization Detector is a trademark of Industrial Scientific Corporation, Oakdale, Pennsylvania.

9 TMX412 Multi-Gas Monitor is a trademark of Industrial Scientific Corporation, Oakdale, Pennsylvania.

10 Manning EC-P2 is a trademark of Manning Systems Incorporated, Lenexa, Kansas.
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>amples Collected in Tedlar Bags and Analyzed with a Gas Chromatograph and an Innova Multi g as Analyzer.

Photovac 10S Pius Gas Chromatograph Innova Multigas Analyzer

DCM3

(PPm-v/v)

1,1-DCA4
(PPm-v/v)

TCMS
(PPm-v/v)

1,1,1-TCA6
(PPm-v/v)

CC147
(PPm -v/v)

TCEe
(PPm-v/v)

1, , -	 91 2 TCA
(PPm-v/v)	 I

Pt,E ^O
(PPm-v/v)

CCI4
{p pm-v/v)

TCM

(ppm-
vh')

Water
Vapor

or(ppVa.: 

1.0 1.0	 i 1.0	 I i.G	 i.0 1.0 1.0

I

1.0

NA 0.96 0.97 0.98 1.01 0.96 NA 0.98 22.5 --- ---

<11 I	 <0.25 <0.20 <0 15 I	 <0 2 0 <0 10 <0.10 I	 <0.25 <1.0	 I <1.0 9,200

<0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8,150

<0.10 <0.25 <020 <0.15 <0.20 <0.10 <0.10 <0.25 I	 <1.0 <1.0 8.220

<0.10 <0.25 <0.20 <0.15 1	 <0.20 <0.10 <0.10 <0.25 <1. 0 <1.0 8.180

<0.10
i

I
J	 <025
I

<0.20 1	 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8,150

NA 0.95 0.97 0.96 1.00 0.96 NA 0.97 22.5 --- ---

1.0 1.0 1.0 1.0 1.0 1.0 i	 1.0 1.0 25.5 --- ---

NA 0.95 0.91 0.94 0.94 0.96 NA 1.01 22.6 --- ---

<0.10 <0.25 <0.20 <0.15 <0.20 I	 <0.10 <0.10 <0.25 <1.0 <1.0 8,300

<0.10 <0,25 <0.20 <0.15 <020 <0.10 <0.10 <0.25 <1.0 <1.0 11600

<0.10 <025 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 9,100

<0.10 <0.25 <020 <0.15 <020 <0.10 <0.10 <0.25 <1.0 <1.0 9,200

NA 0.93 0.90 I	 0.91 0.83 i	 0.91 NA 0.89 22.6 --- ---

1,1,1-trichoroethane.

7 carbon tetrachloride.
8 trichloroethylene.

9 1,1,2-trichloroethane.

t0 tetrachloroethylene.
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Table A-2. Field Screening Results for Samples Collected in Tedlar Ba crs and Analyzed with a Gas Chromatograph and an Innova Multigas Analyzer.

Photovac 1OS Plus Gas Chromatograph Innova Multigas Analyzer

3DCA•1 a1,1-DCA sTCM^ 61 1 1 TCA'
7CC14 sTCE v1 1 2 TCA'

toP^.E CCla
TCAZ	 WaterSample

HEIS No.
Sample Sample Analysis Analysis

Identifier Date Time Date Time > >	 > (PPm-	 Vapor
(PPm-v/v) (pPm-v

h') (PPm-v/v) (PPm-v/v) (PPm-v/v) (PPm-v/v) (ppm-v/v) (npm-vlv) it-inn11- 	 /v".rr v/v)	 (PPni-v/v)

Calibration
-- --- --- - -- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 25.5

Standard

Calibration
°' 07/07 2004 16:55 07/07/2004 17:24 NA (	 _0.96 n.., 97 c^v. ^o	 ^ 1.Oi 0.96 NA 0.98 22.5 --- ---

Check	 I
I

Blank

I(Certified --- 07!07!2004 16:35	 I 07/072004 17:30 <0.10 <0.25 <0,20 <0.15 <0.2 ^v <0.10 <0.10 <025 <1.0 <1.0 9,200
Cleat? Air)	 I i

C4542 B19V36 07/07/2004 13:05 07/07/2004 17:35 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8.150

C4543 B19V37* 07/07/2004 10:50 07/07/2004 17:41 I	 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8,220

C4544 B 19V38* 07/07/2004 9:40 07/07/2004 17:47 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8.180

04544

B19V39*
i

;	 07'07/2004 9:40 07/07/2004 17:`3 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 8,150
Duplicate

Calibreck ation
-- 07/07/2004 16:55 07/072004 18:00 NA 0.95 0.97 0.96 1.00 0.96 NA 0.97 22.5

Ch-

Calibration i I	 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 25.5
Standard

i

Calibration
07/08,12004 12:25 07/08/2004 12:57 NA I	 0.95 091 0.94 I	 094 0.96 I	 NA 1.01 22.6

Chec k , i I
I
I

-Blank i I
(Certified --- 07/08/2004 12:15 07/08/2004 13:05 <0.10 <0 21 5 <0.20 <0.15 <020 <0.10 <0.10 <0.25 <1.0 <1.0 8300
Clean Air)

C4540 BI 9V43 07,08,/2004 13:15 07/08/2004 14:07 <0.10 <0.25 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 12,600

C4541 B19V44 07/08/2004 8:15 07/08/2004 14:13 <0.10 <025 <0.20 <0.15 <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 9,100

C4541 B19V45* 0708;2004 8:15 07/08/2004 14:20 <0.10 <0.25 <0.20 <0.I <0.20 <0.10 <0.10 <0.25 <1.0 <1.0 9,200
Duplicate

I I I

Calibration 07/08/2004 12.25 0708/2004 14:27 IOTA 0.93 0.90 0.91 0.83 0.91 '_`A ^	 0.89 22.6
kCheck ^ ^ i

I

6 1,1.1-trichoroethane.

carbon tetrachloride.

s trichloroethylene.

9 1,1,2-trichloroethanc.

10 tetrachloroethylene.

Instrument: Photovac I OS Plus GC, Serial # TA920107.

Instrument: Innova 1312 photoacoustic multigas analyzer, Serial # A9720.

' dichloromethane.

1,1-dichloroethane.

s trichloromethane.
* Analysis conducted after 6-hour hold time was exceeded.

Innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.
Photovac l OS Plus is a trademark of Photovac, Inc., Waltham, Massachusetts.
NA = not analyzed.
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Following collection of the Drager tube samples, the sampling tube was removed from the
borehole. Each borehole then was decommissioned by being filled with bentonite granules and
chips. Bentonite was poured through the temporary casing as it was being extracted to ensure
overlap during withdrawal.

The radiological control technician wiped the tubing and filter with a cloth as it was ret rieved, to
monitor for potential radiological contamination. Radiological field screening was conducted by
a radiological control technician on the GeoProbe rods as they were withdrawn from the
subsurface.

The metal mesh screens from boreholes C4542 and C4541 were radiologically contaminated,
indicating that radioactive contamination was encountered at the bottom of these boreholes.
Contamination on the probe at borehole C4542 was initially 6,000 cpm Py, with 3,500 cpm P'y
removable. The screen and approximately 0.3 m (1 ft) of tubing were removed and bagged as
contaminated material. The radiological control technician was conce rned that the removable
contamination could become airbo rne if exposed to the windy conditions, so a Radiological
Work Permit was required for removal of the casing. Because it was near the end of the work
day, it was determined to seal the top of the casing with tape, mark it with a trefoil, and remove it
the next day.

Contamination levels on the metal mesh screen from Borehole C4541 were 40,000 cpm R7. The
sampling screen and approximately 0.5 m (1.5 ft) of tubing were removed, bagged., and disposed
of as contaminated material. The Radiological Work Permit controlled the work.

No radiological contamination was detected on the GeoProbe rods.

Borehole C4541 exhibited venting of dust for approximately 5 seconds upon removal of the
back-pulling tool. The open interval at this time was from 4.4 to 4.7 m (14.3 to 15.3 ft) bgs.
A grinding sound of metal on rock was repo rted when the casing was back-pulled at this
borehole.

Table A-4 lists the civil su rvey data (no rthing and casting coordinates and elevation) for each
borehole.

Table A-4. GeoProbe Borehole Civil Su rvey Data.

Borehole Northing (m) Easting (m) Ground Elevation (m)

('4544 136169.31 575650.97 202.01

(;4543 136177.37 575682.22 201.62

(;4542 136191.62 575747.08 201.39

('4541 136202.24 575813.83 201.50

('4540 136219.37 575911.73 200.80
Datum:

^.	 NAD83, 1991, North American Datum of 1983.
NAVD88, 1988, North American Vertical Damns of 1988.
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APPENDIX B

216-A-8 CRIB SOIL VAPOR SAMPLING IN EXISTING BOREHOLES
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APPENDIX B

216-A-8 CRIB SOIL VAPOR SAMPLING IN EXISTING BOREHOLES

Soil vapor sampling in five existing boreholes at the 216-A-8 Crib took place on April 21, 2005.
Soil-vapor samples were collected from the screened zones at wells 299-E25-4, 299-E25-5,
299-1325-7, 299-1325-8, and 299-E25-9, in accordance with guidance provided in
DOE/RL-2001 -0 1, Plutonium/Organic-Rich Process Condensate/Process Waste Group
Operable Unit RI/FS Work Plan, Includes: 200-PYV 1, 200-PW-3, and 200-PW-6 Operable
Units, Appendix B, the sampling and analysis plan. The screened zone in each well was isolated
using a downhole packer. The samples were analyzed for volatile- and semi volatile-organic
compounds using a .field screening instrument. Figure B-1 shows the Iocation of these wells.

The samples were analyzed using a MIRAN SapplilRe l Ambient Air Analyzer. The MIRAN
SapphTRe uses a single-beam infrared spectrophotometer coupled with a microcontroller that
automatically controls the analysis, processes the measurement signal, and calculates the
absorbance values.

Initial operation of the MIRAN SapphIRe in spectrum scan mode allowed scanning of all
measurable wavelengths. At all five wells, the spectrum scan was set for "full scan — L". This is
the setting for a spectrum scan using a long signal pathlength. The full scan also provides signal
compensation to reduce signal noise generation in the data file. The duration of this type of scan
is 400 seconds.

The scan was stored in internal memory until downloaded to a laptop computer in the field. The
laptop computer conta::ns a program, ThermoNlatch2 , which analyzes the data file and determines
correlations between known compounds or combinations of known compounds and the actual
scan. The correlation is assigned a Hit Quality Index (HQI) to indicate the degree of certainty
that each of up to five detected compounds may be contributing to the unknown scan. HQI
comments include the following:

• >90% = Excellent hit quality (90-100% HQI)
• 80-90% = Good hit quality (80-90% HQI)
• 70-80% = Fair hit quality (70-80% HQI)
• <70% = Poor hit quality (0-70% HQI).

Table; B-1 lists the compounds that are in the ThermoMatch software library for use in scan

analysis comparisons.

' MIRAN and the SapphIRe Ambient Air Analyzer are registered trademarks of Thermo Electron Corporation,
Franklin, Massachusetts.

'- ThermoMatch is a trademark of Thermo Electron Corporation, Waltham, Massachusetts.
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Figure B-1. Location of Existing Boreholes at the 216-A-8 Crib.
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Table B-1. ThermoMatch Library Compounds. (2 Pages)

le

r

Compou nd Name CAS # Compound Name CAS # Compound Name CAS #

1,1,1,2
Tetrachloroethane

630-20-6 Dichloroethylether 111-44-4 Mcthyl Pyrrolidinone,n- 872-50-4

1'1'2'2
Tetrachloroethane

9-34-5 Dichloroethylethylether 623-46-1 Methyl Salicylate 119-36-8

1,1.2-Trichloroethane 79-00-5 DichlorOtriflu0rOcthane 306-83-2 Methylene Chloride 75-09-2

],I-Dichloroethane 75-34--3 Diethyl Ether 60-29-7 Methylene Fluoride 75-10-5

1,2
Dichloroethene,trans-

156-60-5 Diethyl Malonate 105-53-3 M1BK 108-10-1

1,2
Dichloroethylene,cis-

156-59-2 Diethylamine 109-89-7 Nitrobenzene 98-95-3

1,3-Butadiene 106-99-0 Dimethyl Carbonate 616-38-6 Nitrogen Trifluoride 7783-54-2

1,1,:,2,3,3,3-
1 ieptafluoropropane

431-89-0 Dimethyl Sulfate 77-78-1 Nitrous Oxide 10024-97-2

1-Bromobutane 109-65-9 Dimethyl Sulfoxide 76-78-5 Octane 111-65-9

1-Octanethiol I11-88.6 Dimethylacetamide 127-19-5 Octanol 104-76-7

1-Octene 111-66-0 Dioxane 123-91-1 Pentane 109-66-0

2-Chlorotoluene 95-49-8 DPGME 34590-94-8 PGME 107-98-2

2-Furfural 98-01-1 Enflurane 13838-16-9 PGMEA 108-65-6

Acetaldehyde 75-07-0 Epichlorohydrin 106-89-8 Phosgene 75-44-5

Acetic Acid 64.19-7 Ethane 74-84-0 Propane 74-98-6

Acetone 67-64-1 Ethyl Acetate 141-78-6 Propanol, n- 71-23-8

Acetonitrile 75-05-8 Ethyl .Alcohol 64-17-5 Propyl Bromide, n- 106-94-5

Acetophenone 98-86-2 Ethyl Benzene 100-41-4 Propylene Oxide 75-56-9

Acetyl Chloride 75-36-5 Ethyl Chloride 75-00-3 Pyridine 40-86-1

Acetylene 74-66-2 Ethyl Formate 109-94-9 R-113 76-13-1

Acrolein 107-02-8 Ethyl Lactate 97-64-3 R-114 76-14-2

Acrylonitrile 107-13-1 Ethyl Mercaptan 75-08-1 R-12 75-71-8

Allyl Chloride 107-05-1 Ethylene 74-85-1 R-124 2837-89-0

Ammonia 7664-41-7 ETO 75-21-8 R-125 354-33-6

Amyl Alcohol 71-41-0 Formaldehyde 50-00-0 R-134A 811-97-2

Aniline 62-53-3 Formic Acid 64-18-6 R-13B1 75-63-8

Benzaldehyde 100-52-7 Halothane 151-67-7 R-14 75-73-0

Benzene 71-43-2 Heptane 142-82-5 R-142B 75-68-3

Benzyl Alcohol 100-51-6 Hexafluoroisobutylene 382-10-5 R-143A 420-46-2

Benzyl Chloride 100-44-7 Hexafluoropropylene 116-15-4 R-152A 75-37-6

Butane 106-97-8 Hexamethyldisilazane 999-97-3 R-21 75-43-4

Butanol, n- 71-36-3 Hexanes 73513-42-5 R-22 75-45-6

Butyl Acetate 123-86-4 Flydrazine 302-01-2 1t-23 75-46-7

Butyl Collosolve 111-76-2 Isobutane 75-28-5 R-236FA 690-39-1

Butyl Methyl Ether, t- 1634-04-4 Isobutyl Acetate 110-19-0 Sevoflurane 28523-86-6

Carbon Dioxide 124-38-9 Isoflurane 26675-46-7 SF6 2551-62-4
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Table B-1. ThermoMatch Library Compounds. (2 Pages)

Compound Name . CAS # Compound Name CAS # Compound Name GAS #

Carbon Disulfide 75-15-0 Isopropyl Alcohol 67-63-0 Styrene 100-42-5

Carbon Tetrachloride 56-23-5 Isopropyl Ether 108-20-3 Sulfur Dioxide 7446-09-5

Cellosolve 110-80-5 m-Cresol 108-39-4 Sulfuryl Fluoride 2669-79-8

Cellosolve Acetate 111-15-9 Methane 74-82-8 t-Butyl Alcohol 75-65-0

Chlorobenzene 108-90-7 Methoxyflurane 76-38-0 Tetrachloroethylene 127-18-4

Chloroform 67-66-3 Methyl Acetate 79-20-9 Tetrahydrofuran 109-99-9

Chlorotrifluorocthane 1330-45-6 Methyl Acetylene 74-99-7 Toluene 108-88-3

Chiorotrifluoroethylene 79-01-6 Methyl Acrylate 96-33-3 Trichloroethylene 79-01-6

Carbon Monoxide 630-08-0 Methyl Alcohol 67-56-1 Trichlorofluoromethane 75-69-4

Cumene 98-82-8 Methyl Amine 74-89-5 Triethylamine 75-50-3

Cyclohexane 110-82-7 Methyl Cellosolve 109-86-4 Trifluorochloroethylene 79-38-9

Cyclohexanol 108-93-0
Methyl Cellosolve
Acetate

110-49-6 Vinyl Acetate 108-05-4

Desflurane 57041-67-5 Methyl Chloride 74-87-3 Vinyl Chloride 75-01-4

Diacetone Alcohol 123-42-2 Methyl Chloroform 71-55-6 Vinyl Fluoride 75-02-5

Dichlorobenzene, m- 541-73-1 Methyl Ethyl Ketone 78-93-3 Vinylidiene Chloride 75-35-4

Dichlorobenzene, o- 95-50-1 Methyl Methacrylate 80-62-6 Xylenes 1330-20-7

Dichlorobenzene, p- 106-46-7

CAS # = Chemical Abstracts Service Registry Number
DPGME = Dipropylene glycol monomethyl ether.
ETO	 = Ethylene oxide.
MIBK = Methyl isobutyl ketone (Hexone).
PGME = Propylene glycol monomethyl ether.
PGMEA = Propylene glycol monomethyl ether acetate.
SF6	 = Sulfur Hexafluoride.
R-12	 = Dichlorodifluoromethane.
R-13B = Bromotrifluoromethane.
R-14	 = Carbon Tetrafluoride.
R-21	 = Dichloromonofluoromethane.

R-22 = Chlorodifluoromethane.
R-23 = Trifluoromethane.
R-113 =	 1,1,2-Trichloro-1,2,2-trifluoroethane.
R-114 =	 1,2-Dichlorotetrafluoroethane.
R-124 = 2-Chloro-1,1,1,2-tetrafluoroethane.
R-125 = Pentafluoroethane.
R-134A = 1,1,1,2-Tetrafluoroethane.
R- 142B =	 1-chloro-1,1-difluoroethane.
R-143A =	 1, 1, 1 -Trifluoroethane.
R-152A = 1,1-Difluorocthanc.
R-236FA =	 1,1,1,3,3,3-Hexafluoropropane.

Compounds with an HQI of less than 70 percent are unlikely to be present in the sample.
Conversely, compounds with an HQI greater than 70 percent are likely to be present in the
sample, and use of the MIRAN SapphIRe in single-compound mode is appropriate. In single-
compound mode, the MIRAN analyzer can be used to scan for individual compounds (one
compound in each run). Single-compound mode provides the concentration of a specific organic
compound present in the soil-vapor sample. The single-compound mode uses the same
technology as the spectrum scan, but only looks at the specific absorption characteristics for a
particular compound. The result of the single-compound mode yields a more accurate vapor
concentration than the estimated concentration generated by the ThermoMatch software,
although potential cross-interference with other compounds may affect the results.

During sampling activities, the weather was partly cloudy with a steady breeze coming out of the
northwest. The temperature was about 70°F. During sampling, no detectable air movement
either into or out of the wells occurred. This suggests no vapor dilution in the screened intervals
by influx of atmospheric air.
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Installation of the packer in well 299-E25-4 took place at approximately 9:15 a.m. During
installation of sample tubing (installed during the packer descent) at this first well, the packer
was stopped every 15.2 m (50 ft) to allow an additional length of sample tubing to be connected.
Five sections of Teflon' lined TYGONQ tubing were connected to a 3 m (10-ft) section attached
to the packer to yield approximately 79.2 m (260 ft) of sample tubing.

The packer was set at 71.0 m (233 ft), a sample pump was installed on the sample tubing, and
sample line purging commenced at 10:00 a.m.. The initial purnping rate was set at
approximately 5 L/min, but was decreased to approximately 1.5 L/min as a result of the pump
ceasing operation because of a flow-fault condition. The flow-Tault condition frequently occurs
when 0.6 cm ('/4 in.) interior diameter TYGON tubing with a Teflon liner is used. The liner loses
cohesion with the TYGON tube and collapses under the vacuum generated by the pump. This
collapse seals the line and may not allow sufficient flow volume through the pump for proper
operation. Without adequate flow, the pump shuts down and indicates a flow fault. To correct
the condition, the pumping rate must be decreased and/or a larger interior-diameter TYGON
tubing must be used.

During sample purging, the industrial hygiene technician conducted health and safety monitoring
using a photoionization detector (PID) at the exhaust end of the sample pump. The pump was
operated for approximately 10 minutes with the discharge open to the atmosphere to purge the
system. 'The purge time took into consideration the purge volume of the sample line
(approximately 0.6 L) and the volume of the well casing between the bottom of the packer and

P^	 the water table (approximately 15 L). The depth to water used for this purpose was from
recently completed borehole logging. The exhaust line was connected to the input wand of the
MIRAN SapphlRe after purging and sampling commenced.

The ThermoMatch software produced an HQI of 18.5 percent, which falls into the poor hit-
quality category and indicates that no organic compounds in the software library are present.
Because the HQI was less than 70 percent, the analyzer was not reconfigured to analyze for a
single: compound.

A duplicate sample from well 299-E25-4 was analyzed after the analysis of the primary sample.
The ThermoMatch software produced an HQI of 21.3 percent, which falls into the poor
hit-quality category and indicates that no organic compounds in the software library are present
in the duplicate sample. Because the HQI was less than 70 percent, the analyzer was not
reconfigured to analyze for a single compound.

At the end of the sampling event, the sampling pump was switched off, the TYGON tubing was
removed from the pump inlet, and the packer was removed from the well. While the packer was
being removed from the well, the radiological control technician conducted radiological field
screening of the sample tubing, packer inflation hose, and tape measure attached to the packer

3 Teflon is a trademark of E.I. du Pont de Nemours and Company, Wilmington, Delaware.

4 TYGON is a registered trademark of Norton Performance Plastics Corporation, a Saint-Gobain Company, Akron,
Ohio.
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for depth determinations. All of the lines coming out of the well showed a coating of red dust,
most likely reflecting rust from the inside of the casing. This red dust was present at all wells
sampled.

During the sample tube extraction, coiling of the TYGON tubing into loops facilitated
redeployment in the remaining wells. During coiling, running the tubing through a gloved hand
removed a majority of the red dust. Survey of this material by the radiological control technician
showed background levels for the area. Survey of the inflation hose and tape measure also
showed background levels.

After the packer was removed from the well, the pump-setting rig was moved to the next well.
After removing the wellhead cover at the next well, 299-E25-5, the industrial hygiene technician
monitored the well head using the PID and detected no measurable vapor concentrations. The
packer was set at a depth of 70.1 in 	 ft), and purging commenced at 11:10 a.m.. Sample
analysis using the MIRAN SapphIRe occurred at approximately 11:20 a.m.. The resulting data
file showed an HQI of 39.7 percent, indicating that no organic compounds were present. Based
on the low HQI, the instrument was not reconfigured for single compound detection. The packer
was removed from the well using the same process described above, and the pump-setting rig
was moved to the next well. Radiological field screening indicated that all of the materials
removed from the well were at background levels.

The next well sampled was 299-E25-7. The industrial hygiene technician detected no
measurable organic vapor concentrations upon opening the wellhead, and the packer was set at a
depth of 70.1 m (230 ft) at 12:00 p.m.. After purging, the sample was analyzed using the .
MIRAN SapphIRe. The ThermoMatch software yielded an HQI of 45.3 percent, indicating that
no organic compounds were present. Based on the low HQI, the MIRAN SapphIRe was not
reconfigured for single-compound detection. The sample pump was disconnected, and the
packer was removed from the hole. Radiological field screening indicated that all of the
materials removed from the well were at background levels.

The next well sampled was 299-E25-8. Upon removal of the wellhead cover, the PID detected
transient values of 1 ppm. Because the readings on the PID decayed to zero after less than
3 seconds, it was determined that work could proceed safely. The packer was set at a depth of
72.8 in 	 ft) at 12:35 p.m.. After purging, analysis with the MIRAN SapphIRe resulted in an
HQI of 46.0 percent. The low HQI indicated that no organic compounds were present, and the
MIRAN SapphIRe was not reconfigured for single-compound detection. The packer was
removed from the well, and the pump-setting rig was moved to the next well. Radiological field
screening indicated that all of the materials removed from the well were at background levels.

The next well sampled was 299-E25-9. The industrial hygiene technician detected no
measurable organic vapor concentrations using the PID upon removal of the wellhead cover.
The packer was set at a depth of 69.5 m (228 ft) at 1:30 p.m.. After purging, sample analysis
using the MIRAN SapphIRe resulted in an HQI of 53.1 percent. The low HQI indicated that no
organic compounds were present, and the MIRAN SapphIRe was not reconfigured for single-
compound detection. The packer was removed from the well.
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^—	 During the extraction of the packer, a cloth was used to clean the dust from the sampling line.
This cloth, when monitored by the radiological control technician, showed radiological activity
above background levels. When the cloth was rechecked after a couple of minutes, the readings
showed background levels, and it was determined by the radiological control technician that the
elevated readings were front radon particles.

Based on the analNg1cal data, no organic vapor concentrations were detected in samples collected
from the screened intervals of these five wells.

A summary of these well data is presented in Table B-2.

Table B-2. Vapor Sample Sutnmary for 216-A-8 Existing Wells.

Sample Date /
Depth to f.

Well ID
Time - Packer (tt; IHT PID RCT HQI-

belo"w-TOC)

299-E25-4 04/21/05	 10:10 233 ND Background 18.5%

299-E25-4
04/21/05	 10:32 233 ND Background 21.3%

duplicate

299-E25-5 04/21/05	 11:20 230 ND Background 39.7%

299-1325-7 04/21/05	 12:10 230 ND Background 45.3%

299-E25-8 0-I/21i05	 12:45 239 Transient/ND Background 46.0%

F299-E25-9 04/21/05	 13:40 228 ND Background 53.1 %
HQI	 = Hit Quality Index.
ID	 = identification number.
IIil' PID	 = industrial health technician photoionization detector.
ND	 = non-detect.

RCT	 = radi logical control technician.
TOC	 = top of casing.

Before the primary and duplicate samples from well 299-E25-4 ,were analyzed, a blank sample
consisting of ambient air was analyzed on 04/21/05 at 9:26. The ThermoMatch software
produced an HQI of 14.7 percent, indicating that no organic compounds in the software library
are present in the blank. Because the HQI was less than 70 percent, the analyzer was not
recon fi gured to analyze for a single compound.

The MIRAN analyzer contains factory calibration data for 120 chemical compounds. The
calibration data have been confirmed on site using calibration gases for the following eight
volatile organic compounds: carbon tetrachlo ri de, chloroform, methylene chlo ri de,
l ,1,1-rrichloroethane (1,1,1-TCA), 1,1,2-trichloroethane (1,1,2-TCA), 1, 1 -dichloroethane
(1,1-DCA), trichloroet:hylene (TCE), and tetrachIoro ethylene (PCE). Additionally, on a
quarterly basis, the MIRAN analyzer is checked for instrument response using a closed-loop
injection system and 10 cert i fi ed chemical compounds. Results of the instrument response
checks indicate that all 11) of these compounds show good response (Table B-3). Good
agreement between the expected concentration and the instrument response indicates that the
data generated from these analyses are reliable.
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Calibration is conducted following each day of field screening analysis for those compounds that
were detected during field screening of the samples. Because no organic compounds were
detected during field screening of samples from these boreholes, no calibration was conducted
following the field screening analyses.

Table B-3. Field-Screening Results for Calibration Standards.

MIRAN SapphlRe Ambient Air Analyzer

11- 11,1- 11,2-Analysis Analysis
Type Date DCM

DCA
TCM

TCA
CCI, TCE

TCA
PCE Methane COZ

(PPmv)
(PPmv)

(PPmv)
(PPmv)

(PPmv) (PPmv)
(PPmv)

(PPmv) (PPmv) (PPmv)

Calibration
NA 1.0 1.4 1.37 4.4 0.57 4 0.59 0.53 51 105.1

Standard

Calibration
03/10/05 1.2 1.6 1.47 4.6 0.60 5 0.64 0.45 63 110

Check

% Recovery NA 120 114 107 105 105 125 109 85 124 105

DCA = dichloroethane.
DCM = dichloromethane.
NA	 = not applicable.
PCE	 = tetrachloroethylene.
ppmv = parts per million by volumc.
TCA = trichloroethane.
TCE	 = trichloroethylene.
TCM = trichloromethane (chloroform).

REFERENCE

DOE/RL-2001-01, 2004, Plutonium/Organic-Rich Process Condensate/Process Waste Group
Operable Unit RUFS Work Plan, Includes: 200-PW-1, 200-PW-3, and 200-PW-6
Operable Units, Rev. 0, U.S. Department of Energy, Richland Operations Office,
Richland, Washington.
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GEOPHYSICAL LOGS FOR SIX EXISTING 216-A-8 WELLS

299-E25-4 (A4788)
Log Data Report

Borehole Information:

Borehole:	 299-E2--' (A4788) Site: _216-A-SC6b
Coo inates (1MA State Pl auough GIML Date: M05120M

North	 East Drill DaDe T	 Elevation Told Depth (ft) Type
13616912m	 575648.S3m Apri17956 202.722in 291 Cable Tool

Ce inR Tnffotmtation:

	

Outer	 Inside
Diameter DUN= Thickness Top Bottom

Casim Type	 Stickup R	 in.	 m.	 n.	 ft

	Welded steel	 +220	 6518	 6	 5/16	 +2.20	 233

	

Welded steel	 0	 8	 udcauntu wdmown	 289

Thp logging engineer anceseed the casing slicknp using a steel tape. A caliper was used to delcmrine the
outside casing diamctcr. 71nc caliper and iusicic casing di umich:rty= measured using a steel tape.
Measuretcems were rounded to the nearest 1/16 in. Casing thickness au calculatcA Tlane is an

	

of8-in. casi2g at the	 surface E22ned,ed in Ledge,wood 01993).

Borehole Notes:

Bomlmle coordinates, elevation, an i ueli construction iadormalion mefmm rheas®remems lru Stoller field
personae!, H W ISa, and Ledgermood (I'M- )- Zem mfereace is the top of Lie 6-in, casing.

Logging Equipment information:

Spectral (gamma Togging Svsfem (SGLS) Log -Run Tnformaltlon:

Run 1 2 3 41 Repeal
Date 4/05/03 4105!03 4105/03 4105/03

Lagging Engineer Spars Spatz Spatz Spatz
Start Depth (ft) 70.0 2650 1710 35.0
Finish Depth (ft) ao 1700 630 8.0
Count Ti. (me) 200 200 200 200
Uvehlea! R R R R
Shield (YIN) N N N N
MSAlnterval(ft) 10 11) 1.0 10
tVrrin N/A WA N/A WA
Pre-Verification AGO63CAB AGOMCAB AG055W AGOE6CA6

Page i
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LxM Run II 2 1 4/Re	 at
Start File AG063000 AGMAGOO AGD65000 I	 AG066000
Finish File AGO63067 AGO64095 AGO65102 AC-OMO27
Post-verificaaon AGO63CAA AG064CAA AGOMCAA AG06SCAA

Depth Return
0 -1 0E err in.

Comments No fine-gain Fine-gaing 'Finegain Repeat 
adjustment adjustment adjustment sedan.

after files-059 after files-059
and-069. and-088,

Logging Operation Notes:

Zero	 ernefetenee was top of t1c 6 -in. casing Logging was pedbrmed without the emmaliy on the sondefor
spectral data collected between 265 and 1700. Pm- and post-utmey veri fication measurements for the
SGLS employed the Ameusham KUT(JOK , mU, and rsoll) verifier with serial numbat 115.

Analysis Notes:

Are	 Sobcz	 Date: I 04116/04 I Reference: I GJO-HGLP 1.6.3, Rev. G

SGLS pre-ran and post-mnverifiration spectra we re co llected at thebeginning and end ofeach day'. All of
the post-ran verification spectra were within the acceptance criteria The peak comas per second (sip) at
the 609-keV, 1461 -keV, and 2615 -keV pbotopeaks on tffi post-mar verifica tion spectra as compared to the
prouuo verification spect ra for cach day w ere between 3.4 percent lower and 5.7 percent higher at the end
of the day.

Log spectra for the SGLS w ere processed mbamb mode using APTEC S UPERVISOR to IdcmhA
individual energy leaks and deten®e coumra wars. Past-nm verification spectra ware used to 	 the
energy and resolu tion calibration for proces

si
ng the dam using APTEC SUPERVISOR- Concentrations

were calculated in EXCEL (source file: GIGJanO4.sLs), using parameters determined from analy sis of
rearm calibration data. Zero reference was the by ofthe 6-in. casing. Based on Ledgerwood (7993), the
casing configuration was assumed to a string of6-in. casing with a thickness of 5116 in he a log depth of
233 0 and a string of 8-ia casing wild a thickness ofO . 322 is to total logging depth (265 1t). The 6-ifix
casing thickness was measured by the lugging, engineer. A casing thickness ofO.322 in was assmned for
the 8-in. casing. This thickness is the published value for ASTM sebcmdc-40 steclpipe, a commonly used
casing material al Rantbrd W hemmomthan ore easing mash m a depth, the cling conectnn is adibtive
(e.g, the correc tion for both 6-in. and 8-m casing would be 0.313+0 -322 = 0.635). A water correction was
art required.

Log Plot Notes-

separate]^g plots are provided for gross gamma and dead time, natumlh° occarring radionuclides O-K,
^U, and `63 9), and man-made radionuclides. Plots of the repeat logs versus the o riginal logs are inclded.
In addition, a comparison log plot of n "Cs is presided to compare the data collected in 1990 and 1995 by
Westinghouse Hanford Company's Radionuclide logging System (RLS) with SGLS data For each
radionuclide, the energy value of One spectral peak used for quanti fication is indicated. Unless otherwise
acted, all radionuclides are ploned or pice;mies per gram (pCi/gL The open mmles irdurne the minimum
delectab

le 
Iercl (Iv1DL) for each radionuclide. Enorbars on each plotmprewd m orassociamd with

counting statistics only and do err include errors associated with the inverse efficiency function, dead time
cwtrection, orcasing conmtion- These orrms are dismsmd in the eahbra tion report. A mmbivationplm is
also included to facilitate correlation The e1 'Bi peak m 1764 keV was used to demnnirte tffi naturally
occurring ^U concentrations on the combination plot rather than the n"Bi peak of 609 keV because it
erhbited slightly higher re t corers per second

Page 2
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Results anal Interpretations:

'r'Cs was the omv uaumade radionuclide detected io Ibis bo
rehole. "'Cs was detected in two intervals.

'r' Cs was detected Omni near tic gmumd surface to a log depth of 30 ft. The rmgeof concentrations was
Front the MDL (0.3 pCi/g) to 13.1 pCi/g; the maxxinu n control--lion was eazasured at 26 ft.. uncs was
deluded at log depths bet-c 227 alit 247 fL The rtmge ofeonccmratiom was from tcarthc NML m
lA pCti/g, wbichwas	 stmrrucdm 233 ft. "'Cs was also	 of 165 mid 264 ft at wnaenteations rroar
the IsML The well consmedon sammany (Ledgerwcood 1993)shows 61a. casing to 233 it withgroutw
225 fL 'Mtpnsence of great in the annular space hem men the mro casing strings is not accc uNedfnr, and
likely contributes to underestimation of radionuclides above 225 ft. Spectral data below 225 ft me believed
W more a0currteiy represent the contmninaled pm8 le .

Tim concmaniitions of The KUf and man-made radionuclides above 225 ft are under est m ited due to
eQec(5 of gmnL The total is o a, iocreasesby 50 cps,' uK i>Y:reases by 5 pt3/g an îd ^ n iLaea-es by
0.3 pCVg 0186 fl. The total gamma decreasesby 411 cps and ^ K decreases b7 5 pCiig al 180 ft.

The plots of one rcpext logs demonstrate rcasonablc m	 mcaribility of the SGLS don for the mial
conadioclides (609, 1461,1764, a nd 2614 kM and' 'Cs.

Gross gunme logs from Addhon eta]. (1977) (attached) indicate, that the sediments surmaiding Otis
borehole contained signi£uxnt amorous of man-nerde Samara radiation from 1958 through in law 197(1
The logs ffmm 1958 and 1959 indicate No levels ofg2mmacmilfing comaoiaallon at or rear
gromda-.nor. The log from 2!19/58 and 611/59 appear to detect relatively hughgamma actt iK in ft
inimals:fmm 611(2 m) (o 13111(40 m), 18717 (57 m) io 19711(60 m). and below 233 ft (71 m). The log
lino 5/14/63 appeal er detect relatively Nghgamma ac iivay in the i rte ,ah from 10 fl (3 m) to 13111
(40 in). The log from 2120!76 aptwars in detect relatively high gacrma acth* in the interval from 10 ft
(3 m) or 26 ft (8 m). Compar ison offdss grass gamma logs indicates thda comarrace ntm occu rred
prior 1956, which was fo llowed by another event after 1959 and before 1963. The SGLS de tected "'Cs H
ores two of ft intervals (3 to 30 ft aid 227 to 247 ft), which had elevated gan n it in ft laze 1950s- Man-
made radionuclides-were rot detected in the intervalfrom 187 to 197 ft with the SGLS.

A co,-nparison log plot of" Cs data collected in 1990 and 1995 by WesdngLouse Hanfo rd Company
(WHC) and in 2(8)4 by Stoller is included. The WHC concentration data for WCs me decayed in the dam of
tle SGL5 logging evevt in April 2004. No dam were collected below 120 0 in the 1990 RLS log um The
SGLS and 1990 RLS Fog aplrear in nsea slightly different depth =fare=. Be

cause both the 1990 and 1995
data

	 corrected for only one string of easing (033 in and 026 in, respectively), or 13`Cs conoea lifli la
hased on the SGLS dam we re recalculated for this comparison using a casing thiclartass of 026 irL
Asstamig a thinn er casinpl ywhis kaver concentration values- Taking i nto aceronmvhe differunces in d(psh
registruion, the modified ' 'Cs concenmations show good agreement between the logg ing sys(nos. Sim
1990, 13: Cs activities have decreased as preftead by radioactive decay.

R fe Imam,

Addition, M.K., K.R. Fecht, T.L. Jones, and G.V. tae. )978. 3clanllati. Probe Proflevv foam 2001%o.R
Arm Gib 3fonlloft Wells, RHO-LD-28,Rockwert Hanford Operations, Richland, Wasongton.

Lcdgarwood,RY— 1993. Summaries of )17e11 CUa3/r),Jt m Data and Field Observmtonsfor, F^slmg 200-
East Resource Pmrervion Wells, WHC-SD-ER Ti-007, Rcv. 0, WesllogEouseHamlord Company,
Richland( Washington
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' GWL-groundwater mnel
'TOC-mp of casing
3 HWIS -Hanford Well mformanoo Svstem
'N/A - not applicable
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from Additon at al. (1978)
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299-E25-4 (A4788)
Rerun of Natural Gamma Logs (35.0 to 3.0 ft)
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I la:,t.na c,dl.c	 DOE-EMIGJ655-2004

299-E25-5 (A6025)

Log Data Report

)Borehole Information:

	Borehole:	 299-F25-5 A6025 	 I	
Site: 216-A-6 Crib

Ccmrditrstes (VJA Stale Rare)	 CaWL 0l	 262.35	 (36N0. Dahl:.
 

411212004
	North	 East	 Drill Date	 T	 Elevation Total Depth (n)	 Type

136.164.94 m	 575,618.24 m	 May 1956 I 	 1m	 293	 Catia Too]

Casing Information:

outer	 Inside
DiamRCe Dianwier Thicknese Top Bottom

C.inq Type	 Stickup n	 in.	 is	 in-
Welded si ll	 +2.05	 6518	 61/8	 114	 +2.05	 230

Weldod sawl	 0	 8	 unkamen	 unkonssv	 293
The togging cugasz r mcasuacd tho casing stickup awing a steel lape. A caliper was used to d=nausz the
ounicie casing diameter. The cabpl and inside casing duan=r wrae measumdusing a steel ta pe .
Mcas,vements wen: mundedw the nrtaren I116 in. Casing fltickness was calculated. There is an evidence
ofF-in. casing at the ground surface mLomdand in Leftmood (T993.

Borehole Notes.

]Bomtwle coordnates, elevation, and well construction inturmaboa are from measmements by Stoller field
personnel, H W15, and Ledgemood (1 9913). Zem.refem= is the top of the 6-in. casing.

Laggjmg Ellohmnent Information:

Suectral Gamma Lntl£ing System (SGLS) Log Run Information:

Lon Run 4 2 3 4 5
Date 4112104 4112884 411704 4114/04 1	 4115104
Logging Engmeer Spatz Spatz Spatz Spatz Spatz
Slad De	 P. 97.0 32.0 21.0 261.0 164A
Finish Depth 8 33.0 21.0 26 163.0 96.0
Count Time sec 200 20 200 200 1	 200
Uve/Rea] R R R R I	 R

Page 1
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Run 1 2 3 4 5
Shield(YIN) N N N N N
MSA Interval ft 1.0 1.0 1.0 1.0 t 0
Nmin N!A WA WA WA WA
Prc Verification AGD57CAB A0007CAB AG087CAB AGIVICAS AG060CA8
Start Fie AGD57OW AGD67065 AGO67077 AGO68000 AGO69000
Finish File AG067064 AG067076 AG067096 AG968098 AG069068
Post-Verification AGO67CAA AGO67CAA AG WCAA AGDSSCAA AG069CAA
Depth velum

N/A WA +t -1 WA

Comrrtents No fine-gain
adjustment .

High rate zone.
Deadtime
> 40%. Cou

nt

time change.

No finegain
adjustment

No Me-gain
adjushne nt .

No fine-gain
adjushnent

Log Run 61 Repeat
Date 4/15/04

Logging Eng ineer Spatz
Sta rt Depth (ft) 78.0
Finish Depth (ft) 52.0
Count Time(sec) 200

Dve/Real R
Shield(Y/N) N/A
MSA Interval (ft) 1.0
MY& WA
Re-Verfication AG059CA8
Start Fie AGDWM
Finish File AGO69M
Post-Verificafion AGO69W
Depth Retum
Fs rin.

1

Comments Repeat
section.

High Rate Logging System (HRLS) Loa Run Information:

Run 1	 t 2 3 47Re
Date 4/16104 4116109 4116M4 4116104
1-o9ging
En'ineer

Spatz Spatz Spatz Spatz

Start	 ft 1	 34.0 29.0 270 26.0

Finish Depth ft 30.0 23.0 21.0 23.0
Countrirre
sec

300 100 3D0 100

Live/Real R R R R
Shield	 IN none none none none
MSA Imenal

M
1.0 9.0 1.0 1 .0

%min N/A N/A WA WA
Re-Verification AC098CAB AC09SCAS AC098CAB ACOQ8CAB
Sta rt Fie AC098000 AC098005 ACON012 AC098014
Finish File AC09SM4 AC098011 AC098013 AC098016
Post-
Verifi^tion

AC098CAA AGO98CAA AC098CAA AC098CAA

Depth Retum
Eoor in.

N/A N/A WA 0

Page 2
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1,op9ivm¢ Operation Notes:

Zero relbronee was lop of the 6-in casing Logging was 	 withomn the ceNmlirer on the sonde for
spectral data collected between 261 and 163 ft. Pre-and pa9-survey Wrific tion musasuremenls for the
SGLS employed IBCAmersham K UUT (v$C U, and ân)verifier windse rial number II&HRiSdata
were cmllcual using Gamma 1C. Pre- and post-survey verification oceasureareWS emploved the " 7C5
vcrT=with scrim number 1013.

Analysis Notes:

p exit st: Sohcz k	 Elate: I 04127/04	 I Reference: I GJO-HGLP 1.6.3, Rev. 0

SGIS pm-nm and post-mnvnri ica tion specmdwcm mllcctod ache beginning and and ofcach day. All of
the post-mnverific at ion spectra were wirHinthe atcepiatte criteria 17s peak emmis per second (cps) al

de 609-keV, 1461-keV. and 2615-keV phompeaks on the pots-inn verificatiom spectra. as Matured India
pre-mnverifieslon spectra for each day were between 3.4-peroem lowerand 4.7 percent higher atabe end
of tin city.

FRLS pre-remand post-rem veriCxa tionspecUa were collected at the beginning and end of the day. Tic
spectrawem within the acceptance eracrut fortic field ve rificadonof the German IC Logging system
(I'IRLS).

1-og spectra were processed in balch me& using AP1EC SUPERVISOR to Identify individual cncW
peaks and determine word uses. Post-ran venficauon spectrat were used to detennu a the energy and
resolution cahbration for pracessmg the data using APTEC SUPERVISOR Concentrations were calculated
in EXCEL (source files: GIG3a.04.xls [SGLS] and GI CApr0.3As IHRLSJ), using parameters determined
from analysis of recent calibration dam. Zeta reference was the lop of the 64n. using. Based on
Lcdgernvood (1993), the casing con figuml»nwas assumed in a string of 6-mi. casing with a thickness of
114 inn, lo a log depth of 232 R and a string of S-in, casing will a thickness of 0.322 is to total logging
depth (261 ft). The logging engiuccr moeaucd the 6-in eaingthickums. A casing thickness of 0.322 is
was assumed for the S-ht ca sing. This thickness is the published value for ASTM sehednle-40 steel pipe, a
commimarib used oasW material at Hanford. Where more than ore casing Loan; at a depth the casing
correction is addmve (cg., the correc tionforiweb bin. and S-in. casing would be 025 +0.322 — 0572). A
water corrccum svgs mtrcmprncd.

Using the SGLS, dead time gmanerthan 411 pe=w were encountered in the interval from 22 m 33 ft and
data from this region were considered unreliable. At SGLS dread time greater dime 40 percent, peak
spreading and pulseprle-up ellecls ma my ull in underestimationofacivilies. This e1itM is ren entirely
corrected by the dead lure cormdion, and the extent or error i creases w ith mcmast a dead time. SGLS
dead time are applied whm dead Into is gnalsr than 10 perc®a.'G7rc HRLS was u tilved 10
obtain data where the SGLS dead time crcecdcd 40 perecut.

Lose Plot Notes:

Separane Ion plots are provided for gloss gamma a nddrvd use, namralh, occurring mdiommclides ("<,
238U. and '"Th)- and map-made radionuclides. Plots of the repeat logs extras the original logs are included.
In addition, a comparison log plot of '"Cs is pwided en compare the dab collected in 11 990 and 1995 by
Westinghouse Hanford Company's Radionuclide Logging System (RLS) with SGLS data For each
radionuclide, the energy came of the spectral peak used for quantification is indicated. Unless otherwise
ruled, all radionuclides are plotted in picocunies per grain 	 The open circles indiaale The mimmum
delectable level (MDL) for each radiommclide. Er ror bars on each plunrepmsem enor associated with

Page 3
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courting statistics omy and not include errors associated with the inverse efficiency fuueion, dead time
corrccdon, or rasing correction. These errors are discassed in the calrbeatlon report A combination plot is
also included to 	 corrclation. The 2"Bi peak ale 1764 keV was used ne determine th c naturally
occurring n*u croixvxmrations.

Results and InterOretafions:

"7Cs was the only man-made radionuclide detected in this borehole. "'Cs was detected in du re intervals.
"Cs was detected from near We ground surface to a log depth of 6 R Tic mugc of concentrations was
from the MDL (03 pCUg) to 12.8 pCUg. "Cs was detected at log depths between 20 and 53 fL The range
of conemmaiom was from 0.4 to 30,8W pCUg, which was measured at 25 fL '' ;Cs was deteoled at log
depthsbetween 232 and 259 ft The range of concentrations was from near the MDL to 0.8 pCi/g which
wasmeasuredat23211. 131Cs wasalsodelectd M207 and 221 ft atdnncemmfions nearthe MDL. Tim
well construction summary (Ledgenvood 1993) reported 6-in casing to 232 ft, with gmal to 232 ft. The
purser oe of grout in the annul ar space between the Iwo casing strings is not accounted for, and likely
contributes to uderoslimaliou of radionuclides above 232 fL Special data below 232 ft am bcliewd to
moue accurately represent the contaminated profile.

The concemratons of the KUT adman-made radionuclides abovc 232 ft am under camnsted duc to
effects of grout.

Thebebmior of the `r`U log suggests that radon may be presem inside the borehole casing. Determination
of `mU is based on measurement ofgam na actin ity at &19 arM/or 1764 kcV associated With 2118i, uderfhe
assumption of secular er brhum in the decay chain. Ammer, a4Bi isaho a sh od4anndaughresof p Rn.
When radon is present, 4131' will led to "prole" onto Ilse casing wall and will quickly reach equilibuum
With'`Ru Because the additional 314Bi msulting fman melon is on the inside of the casing the offal of the
casing correction is to amplify the 609 pbmopcak mlathT to the 1764 pbompeak. (The magnitude ofde
casing cmmsronfachor d^ucascs with inacasmg mcrgY, but game rays migmadng inW thecasingave
not att mtatod.) This cffectis observed m4/12104 (97 to 2 ft). The cffccrs of radon appcarto bc minimal m
log nms 5 (164 m 96 ft) and 6 (78W 52 ft). The reason forwriatiosas in radmr comers between log mm on
sucdessnedaysnnotkmnVarianinmelonwnteminbmeholesarepmbablymlaed Wwaria min
surface weather conitions. Radon daughters such a,' 40i may also "plate" Onto the snide itself. When this
occurs, them is a gradual increase in total counts as well as phompeak counts associated with r'.Bi
ad"'Pb.

The Presence of radon is not an usicationofmarfmade coma enatim it is derived from decay of
naturally, occurring random. As a gas, radon mmss easily in the subsurface, and concentrations; of radon
and its associated progeo9 can change gmeldy. 	 i

The purrs of the repeat logs demonstrate m:somblc wpcatabilin of the SGLS data fort natural
mdion sclidcs (1461, 1764 and 2614 kV), and ' s'Cs for both tic SGLS and HRLS.

Gross gamma logs from Addion etas. (1977) (atmched) indicant that the sediments surrounding this
borehole conmined significant amounts of man-made game s radiation from 1958 through M Imst 1976.
The logs from 1958, 1959, and 1963 indicate gammacmitlmg comamiva Tonal or oear groundwater. The
log from 2/19158 appears to detect daiv* high gamous activity in the imervmsfm n 13 R (4 mr) to total
depth. The log from 5114163 appears to detect rcimively Idgh ga e na activig in the interval from 16 a
(5 m) to 128 ft (39 m). The log from 4/30176 appears to demo remlively high gernma sathity in the interval
from 16 ft (5 m) to 39 ft (12 m). Comparison of these gross gamroa logs indicants that a contamination
event occurred prior to 1958. The SGLS detected r "Cs in only two intervals (20 to 53 ft and 232 to 259 ft),
while the emire length of the borehole below 16 ft had elevated gamma in the late 1950s.

A comparison log plot of 12 Csdata collected in 199) and 1995 by Westinghouse Hardbrd Company
(W HC) and in 2(X)4 by Stoller is included. Tlce WHC concentration data for us Cs are decaved to the date of
Rue SGLS logging c%,M in April 2004. Because both the 1990 and 1995 data cone led for rely one sling
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of casing (0.33 in and 026 in., respectively). Iffi'"Cs crxemtntiouss based on We SGLS dale were
recalculated for this comparison using a casing tbickness of 0.33 im The appa mnt "Cs rvnccrdraticns
show good agrzx incrt bemxen the logging sysrcros above 230 ft Since 1990, 13 Cs activities Iwve
decreased as predicted by radioactive decay in the interval above 230 R l3ala suggest an inernsion of ":Cs
between 1990 and 1995 in the mlt oval from 230 to 260 R

References:

Additon. M.K., K.R. Field, TA.. }ores, and G.V. Last. 1978. Scinrilladon Probe Pmfiles N"rnnt 200 heat.
Area Crib.Lfonlraring [tells, RHO-LD-28, Rockwell Hanford Operations, Richland. Washington.

Ledgenrood. R.K, 1993. Samannrwa of Well Canstrarlian Data and Field Obaervalionsfor Eris-ling 200-
East Resoaree Protection Ifelis, WHC-SD-ER-TS-007, Rev. 0, Wesfi 3ghovw Hardord Compart, ,
Richland Washington.

r GWL- groundwater level
'- TOC-top of casing
3 H W iS - Hanford Well Information System

NIA- not applicable
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( .Hj—=Ilj 41d30

from Addilon et al. (1978) 

SnWillahon Probe Profiles for Borehole 299-E25-5, Logged on 2179158
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«6: qL.;Q

from Additon et al. (1976)

Scinfillarion Probe Profiles for Borehole 299-E25-5, Logged on 6!1159, 5114163, and 4MI76
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299-E25-5 (A6025)
Man-Made Radionuclides
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299-E25-5 (A6025)
Natural Gamma Logs
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DOE- M/GJ707-2004

299-E25-6 (A4796)
Log data Report

Borehole Information:

Borehole: 299-E25£'A4796) Site: 216-A-8Cdb
Coordinates (WA State Plane) GY/L (ft) : 263.7 —OWL  Date: 07ID7R004

North East D rill Dale TOC E1evTn Total Depth (tq Type
136,163.971 m 575,683.761 m Apnl 1955 202.603  296 (:able Tam]

Casing information:

Outer	 Inside
Dianctcr D iZter Thickness Top Baden,

Casin Type	 Stieku ft	 m.	 i2	 in-	 h

Welded steel 	 +24 	 65/9	 6 718	 114	 +2.40	 229
Welded steel 	 0	 8	 nnlawwv	 mkwp 	290

Thu legging ougincer used a ca14,c r to dctcrrmnc Sac out%& cas'urg diamcicz The ca liper and casing
stickup view both measured using a steel rape. Inside casing diameterwas measured wi th a steel tape.
All meas ]venems were roumkd m the neamt 1 /16 m Bottum is repotted fmmHaofi rd Wells
Chama e s and Men 1993. The 8-im easing was notobserved at the Vound surface.

borehole Notes:

Borehekcoordinates , elet^ik2ndwellwnstmetionir6ormztionare fmm measmem=by Stollrf field
personnel, H WIS3, and Ledgetwood (1993). Zem reference Es the top ofthe 6-in casing. Befo re logging
begin. Dummk well services removed a pump and rods fwm the bomhok.

II.o¢Eina ESmioment Information:

Spectral Gamma I,oaeine System ff IS) Log Run Information:

Log Run 1 2 3 4 51 Repeat
Date 07101106 07/06!04 07707/04 07100Po4 07/08/04
Logging Engineer Spatz Spatz Spatz Spatz Spatz
Stan bepda fl 25.0 80.0 263.0 156. 78.0
Finish De	 fl 3. 25.0 155.0 79.0 520
Court. Time sec 200 200 200 200 200
LwelReal R R R R R
Shield YIN WA WA WA WA WA
MBA lnterval ft 9.0 1.0	 - 1.0 1. 1.0
Train WA WA WA WA WA
Poe-Verification BA358CAS BA360CAB BAS61CAB BA362CAB 0A3MCAB

Page I
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Lag Run 1 2 3 4 51 Roped

Start File BA359NO BA360000 BA361000 BA362000. BA362078

Finish Fi le BA369023 BA360055 BA361108 RAW077 BA362104

Post-Verification BA359CAA BA360CAA BA361CAA BA362CAA BA362CAA
Depth Retum

0 0 -1)2 WA 0
Error in
Comments Befo

re
No fine gain Fine gain Fine gain Fine gain

logging adjustment adjustment adjustment adjustment

began a made, made after made after made afterfile
fine gain files-M files -012, -091.
adjustment -053, and -098. -042,-057,

was made. and -M.

Logging Operation Notes:

Zcm reference was top of the 6-m casing Logging was perforated without the centralizer onrhe sonde for
spectral dam collected between 263 and 155 R Pre- and postsunrey verification measurements for the
SGLS employed the Arrorsham KUT ft."si, and 23'19r) venfier with serial mater 082.

Analysis Notes(

Analyst: I McCain	 Date: 1 08111104	 1 Reference: I GJO-HGLP 1.6.3, Rev. 0

SGLS pre-nm and post-ran verifi a tion spect
ra

 were colk;cled at t he beginning and end ofewb day. Net
corm rates for the 609-keV and 1461 AeV gamma hues were within veri

fi
cation criteria, but rrel corm ales

for the 2614-keV gamum line were below the ac ceptance criteria in 4 of 8 verification spectra All 
results

were within the HASQARD 20% burns. Peak width (fwlun) values tended to be 
gam

	
above the vanfrccation

criteria, particulat for the 2614-keV	 ma lire. Ecamimtion of the individual spectra indicated the
system appea

rs
 to be fimcriomng normally, and the spec

tr
a arc Inmisiomlly accepted.

Log spect
ra for the SGLS we

re processed in batch mode using APTPC SUPERVISOR to identify
individual energy- peaks and daiennine cam rotes. Pm-nm verification spedil were used to determi ne the
energy and resolution cal ibration far processing the data using AFIEC SUPERVISOR. Concentrations
were calculated in EXCEL (source file: G2AMar04.xls), using parameters deter used from analysis of
rece

nt calrbmli m dam. Zero ref mat ce was the lop of the 6-in casing. nie casing configuration was
assumed to consist ofan 8-inch casing from the ground surface to 29011, with a 6-inch casing inside the fl-
inch casing to a depth of 229 R Casing thickness volues as published values for ASTM scheduoY}0 socl
pipe. A tot

al rasing thickness of 0.602 is (0280+0322) was used from the ground surface to 229 111, and
0.322wasiedfmm229ftw290fL The maximum log depth was 263 ft Thewell atesWctionand
comp

leti
on summery indicates the 8-inch casing was preformed from0 

in 5 ft and 20 to 224 ft and that the
annular space between the 6-inch casing and 8-irchcasing was filled with coined groin . No correction was
appliedfor the gram, and h is likely that concentration values a re slightly underestimated above 224 ft.

Log Plot Notes:

Somme log plots are p
rovided for g

ro
ss gamma and dead time, mauralb, o ccurring radionuclides ('IC

msU, and ^g'fh), and man-ride radionu
cl

ides. Pots of the repeat logs versos the original logs are inckrded.
For each rediomrclide, Ore energy value of t he spec0rl peak used for quanBecalionis indicated. Unless

otherwise nded, all radiomrolidcs are plotted in picocumics par gam (PCUg). The open circ les indicate Oc
minimum detectable level (MDL) for each radionichde. E

rror ba rs on cater plot xcpxwjd 
error 

associated

with ci narng sta isucs only, and do not include =in assooimed with the inverse cfrwlcn :Y fmncton, dead
time corraction or casing correction These errors are discussed in the cal ibration report. A combiition
plot is also included to facil itate correlat ion. The 114 B peak at 1764 keV was used o determine the
mhmjly occurring ^U concentration on the combinat ion plot rather than the v'Bi peak ar61W keV
because it exhibited slightly bigberruel courts per second .

Page 2
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Results and Interpretations:

' a 'Cs was the only man-made radionuclide detected in a8risborebole. ' a Cs was detected in duce intervals:
(t) between 9- and 11-ft depth, with a ma>rimnm concentration of 9.8 pCifg; (2)between22and73kwilh
a maximum conecmnationof-%pCi/g at 25 to 30 fl, gradually decreasing to tIVNML of about 025 to 0.30
pCa/g m 73 f[ and (3) between 227 and 234 ft, with a mare um a comcnuatioh of 32 PCt/g. '''Cs eras also
delectod sporadically m or new the NML (0.3 pCi/e at 138 f6 212 fi and 243 m 250 fL

Tlx gluts of me repeal Hogs demansimte reasonable mpeem$ility of the SGLS data for the moral
mdionoclides (609,1461, 1764, and 2614 kcV) ard'3'Cs

Plots comparing RLS data from Augut â 990 m SGLS data are also provided. The RLS 137Cs values here
been connected to account for dlfierorces in casing thickness assumptions and decayed to July. 2004. The
corrected 1990 vaines areBigot -panty lover than the 2004 values. However, boihlog curves re[lect a
similar comaumtant profile. The apparent discrepancy m urCs values is mosa Mash duc to differeences in
system cale'brahon assumpdons.

Grow gamma log digitized boon Addhmn er a]. (1977) me also shown. These logs were convened m
comas per second verses depth in fee: for better comparison with RLS and SGLS data. As cady as 1958, a
nine of high gamma activity is obsened from approximatel y 15-to 60-ft depth. Within this imennl, the
detector appears to be saturated. The 1958 and 1959 logs slow abrupt increases in gamma xtivi at the
boon o£ tee logged interval m 230 u, 2441 ft. This may, imdirrte cortamimtion m or neargroondwater
level, :ly 1963, the imemal of detector samrffiion extends to about 105 fL Gamma activity kvrJs have
becreased significantly between 105 and 135 ft, and there appears to be an abrupt decrease at 135 ft,
suggesting additional contamination evens an&ordownward comar®mt migration between 1959 and
1963. The 1968 and 1976 logs show• signifcammy lower gamma acdvhy icsels and goucra% vflcetihc
profile of tlec 1990 RAS and 2004 SGLS logs. Below 40-m 60-ft depth, td dominant cmunna n na may
hate been radionuclidedios elide with  relatnely short balf life, such as "'Rut

Tin 1976 log slaws significantly greater gamma a aivity between approxiuvo ly 20 m 75 ft This may
indicate an additional contamination mTm between 1968 and 1976.

The SGLS 17Cs log indicates contaminant migration to a depth. of 74 R The historical data suggest
conuammame; from the 216-A-8 Crib reached at least 135-R depth

Tho SGLS log also detected "'Cs bctwccn227 and 234 A with a maximum eorccntration of about
32 pCi/g se 2291t Traces of "Cs were also detested inferminembj bcM=243 and 251 ft The source of
this commndnation is act kmwn. Other borh olcs in the vicinity also exhibh similar contamination profiles
at appm;ctmately the same elevation. •this conraminmionmay bare been deposited on to easingfrom
gmmdsyafer conlaminam plumes in fie past when gnnmdwaterlevels wxmhigieer.

References-

Add,'ton, M.K., K.R. Fecht. T.L. Jones, and G.V. Last 1978. S mrillation Probe Profiles 14om 200 Must
Area CribM dcha gWells, RHO-LD-28,Rockwell Hanford Opcomons, Richland, Washing9on

Chmnncss, MA., and JR Mcry 1993. Hanford Wells, FNL -8800, Pacific, Northwest Laboratory,
RkMaul, Washiogmat

Ledgenroo&kK.,1993. Summaries of Well Conmuction Data and Field Obs flonsforE'usnng200-
F.ax1 Resource Prorerfion W'eliv, WHC-SD-ER-T14R17- Rev. 0, Wesdnghonro Hanford Company,
Richland Washington.
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' GWL-groundwatalmml
2 TOC-mp of cay ng
' HWIS -Hanford Well Infomia ion System
^ NIA - not applicable
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299-E25-6 (A4796)
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DOF—EA4/GJ654-2004

WMP-27020 REV 0

299-E25-7(A6026)
Log Data Deport

Borehole Information:

	Borehole:	 299-E25-7 A6026}	 Soe: 216-A-6Cnb
Coordinates (!NA Stale Plane) 	 C,INL ERI : 260.3	 G1NL Dale: 41162004

	North	 EasF	 Drill Date	 iOC Elevation Total Depth (fl) 	 Type
136 197 S/ m	 575 745 aim	 May 1956	 202=35 m	 290	 G.W. Taol

Casing Information:

Outer	 inside
Diameter Diameter Thieknae Top Bottom

Ceara Tvve	 stickup	 In.(Inj	 w.	 R

Welded steel	 +2.6	 6518	 6118	 .114	 +2.6	 232.6

Welded stM	 03	 8518	 unknown unknmcm +03	 290
The logging cuipomr measured the casing stickup using a And tape. A caliper was used to dcwrmi k the
outside casing diameter. The caliper and inside casing diameter were measured using a sax] tape.
NletiureIDems were roweled w the ncarest 1/16 in. Casing thickness was ralcalared. The 8-in. casing is
visible at the ground surface. Grant surrounds the casin g and is in the amtaffi.

Borehole Notes:

33an:hok ceorduWes, eksaP n+a. affi wail gn5uncdon irdormadom are ftors measuretuems by Stoner field
personnel, H W IS', and Udgem'ood (1993). Zem refmnce is the top ot'nhe 6-in. easing.

Logging Equipment Information:

Spectral Gamma Logging System (SG9S) Log Run Information:

Log Run 1 2 3 4 5(Re
Date 4116103 4119M3 4,20103 4t21N3 427103
Logging Engineer Spatz C	 Spatz Spatz Spaaz Spatz
Slam De	 ft 20.0 259.0 762.0 60.0 36.0
Finish Depth ft 3.0 161.0 1	 59.0 19.0 1	 19.0
Count Time (SKI 200 200 1	 200 200 1	 200
LivelReal R R R R R
Shield (Y/N) N N N N N
MSP, Interval(ft) 19 1.0 10 1.0 1.0
tamin N/A WA WA WA N/A
Pre=deriicabon AG070CA8 AG071CAB AG072CA8 AG073CAB AGO73CAB
5[atl'Fle AGW0000 AG071000 A00720M AG073000 AG073042

Page 3
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VVW-27020 REV 0

LDU Run 1 2 3 4 51 Repeat
Finish File AG070017 AG07100a AG072103 AG073041 AGO73059
Post-Venficaron AG070CAA 1	 AG071CAA 1	 ACp CPA I	 AG073CAA AG073CAA
Depth Retum
Error in. 0 7 t WA 1
Comments finNo	 e-gain No finegain No fine-gain No fine-gain Repeat

a immiem, adjustment ad I adjustment section.

Loeeine Operation Notes:

Zero rcfenarce was top of the 6-ia casing. Loggnag was performai witlmol l6e cemralizcr onthe sonde for
spectral data collected on 411912004. Pre- andppst-sarvev verdcadon measuemems for t he SGLS
employed the Ame rsham KUT(°K, U, and ==̀ "'7T'hh)ver ifserwnb serial number 118. Maximum logging
depth achieved was 259.0 ft, app roximately 1 ft above groundwater.

Analvsis Notes:

I AMW: I Sobczyk I Date: 1 04/26/04 1 Reference: I GJO-HGLP 1.6.3, Rev. 0_ 1

SGLS pre run ant post-run verification spectra were collected at the beginning and end of each day. All of
the post-ran veribcalion spectra were within the acceptance criteria The peak cou nts per second (cps) at
tie 609-kcV, 1461-kcV, and 2615-keV phntopcaks on 11e post-mss venf,,dim spectra as compamd to the
pro-nmverification spectra for each day were between 3.5 percent lower and 6.9 percent higher at the end
of the day.

Log spectra for the SGLS were processed in batch mode using APPEC SUPERVISOR to idemifv
individual energy peaks and determine cou nt rates. Ve

rifi
cation spectra were used in 	 the energy

and resolution cal ibration for processing the data using APMC SUPERVISOR. Conce ntrations were
calculated in EXCEL (source file: GIGJarittAs), using parameters determined from analysis of recent
calibration data. Zero reference was the lop of the 6-in. casing. Based on Ledgerwood (1993), the casing
configuration was assumed to be a string of6-in. casing with a bid ess of 1/4 is to a log depth of 232.6 fl
and a suing of 8-in. casing with a thickness of 0.322 is to total logging depth (25911). The 6-m casing
thickness was measured by the logging cnb'locer. A casing thickneass of 0.322 in. was assumed for the 8-ia
casing. This thiclmess is the pubhshed value for ASTM schedalc40 steel pipe, a commonly used casing
material at Ha nford. Where more than one casing e tists at adepth, the casing correction is additive (e.g,
the correction for both 6-in. a nd 84n, casing would be 0.25+0.322 = 0.572). Water and dead ti me
COrreetgRS went lln[Iegnlled.

Loe Plot Notes:

Separate to plots are provided for gross gamma a nd dead time, nazumlly occunriogradionuclides (A1K,
^U, and 9). anti npn-mode radionuclides. Plots of the repeat logs versus the original logs are 

included.

In addition a coopa rism log plot of a5 'Cs is p rovided to compete the data colleetod in 1995 by
Weshughmrse Hanford Company's Radionuclide Logging System (RLS) with SGLS data For each
radionuclide, Ore energy value of the spectral peak used for qua ntification is iodicaled Unless ollwimise
noted all radionuclides am firmed in pauccaures per gram (pC5/g). The open circles indicate the minimum
detectable level (MDL) for each radionuc li de Error bars on each plot represent= associated with
counting statistics only and do trot include errors associated with the imetse e fficiency fu nction, dead time
correction, or casing correction. These errors are discussed in the calibration report A combination plot is
also included to facilitate correlatio n. T he cr "Bi peak at 1764 keV was used in determine the naturally
occurring"eU concentrations on the combination plot.
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Results and Interpretations:

tr'Cs was the a* man-made radionuclide detected in this borehole. 'rCs was deeded in tine intervals.
rr'Cs was detected fmm near the ground sufface to a leg depth of9 R. The range of concentrations was

m^ffm the h1DL (02 pCi1g) to 5.7 pCUg.'-;Cs was detected al log d^bemeea 20 and 5911 The range of
concentrations was from 0.3 pCi/g m 3.6pCilg; the rvaAmmn a nomfta ion was n umd at 251L "'Cs
was detcccd at log depthsbcl%v= 225 and 236 f1 The rouge of eomantmtions was fmm ncae the 1b1DL to
3.2pCi/g.wldchwasneaumdm228ft vr''Cs was also detected at 209,245, and 246 ft at concentrations
rear the NDL.

The concentrations of the KUT and man-made radionuclides above 225 ft are under estimated due to the
effects of gmut'wK concentrations are soh betweenawely law in the i nterval beeen 145 and 185 ft. Naluml 2 U
coreenualions are elevated by about l pCi/g to tie into valbetween 246 and 250 ft.

The behavior of the ^U log suggests ilus radon may be present inside the borehole casing. Determination
of''"U is based on measnreroeol of gamma activity at 609 andlor 1764 keV associated with"°Hi, under the
assumption of scrota, equibbriumin the decay chain Havcv-ce `14Bs is also a sbor4c n daughter of r Rx
When mien is present, 21''Bi will read m "plaic- onto the rasing wa ll and will, quickly mach cqualibmm±
with' Rn Because the additional"Iti resuhing hiom radon is on rho inside of the casing, the effect of the
ca sing cunxtion is to amplify the 609 photopeak mladee to the 1764 phompeak. (The magniaxle of the
casing correction factor decreases with i ncreasing energy, but gamma rays odginaling inside the casing are
not atermated.) This effect is seen on logging son 2 (259 m 161 ft). The effects of radon appear to be
milnitlal in the other log runs. The ,Cason for Variations in radon centem between log arms on successive

days is rot known. Varia
ti

ons in radon content tn..bou isoles are probably related to variations in surface
weather conditions. Radon dauglnns such as rti may also	 te'°"pla onto the sandc itself When th^i,s oaas.
them L a gradual incmasc tatotal comes as well as pbomprak counts associated with n6Bi and 214 Ph.

The presence of radon is not an ind ication of man-made coutaetiaation: it is derived f rom decay of
matmally occmrimg ura®um. As a gas, radon moves easily in t he subsnnface, and carsoc matiipns of radon
and as associated progem cart charge quickh'.

The plots of the ropes logs demacfmte reasonable repability of the SGiS data for the natural
radionuclides (609, 1461, 1764, and 2614 keV) and t '

ea
Cs

Gross gaona logs from Addhon el at {1977) (ahached) irch caie that the sedit eats surrounding ids
borehede cmaatned sWu&rmd antennas of man-made g:imma radiationfmm 1958 through at least 1976.
The logs from 1958, 1959, and 1963 indicate ganamacmining catIamitatiom at or aria gmuudnamr. T'Lc
logs from 2119/58, 611159, and 5/14/63 appear to deed relatively high gamma ac tivity in the imervaQ from
16 ft (5 m) m 131 ft (40 m). The logs from 4125!68 and 4IXn6 appear to dele d elevated gamma ac

ti
vity

rear do surface and in the interval from 19 ft (6 m) to 43 ft (13 ra} Commarimn of these: gross granite logs
indicates that a major contamination event occurred prior 1958. The SGLS detected t3'Cs in all of the
contaminated inte rvals, which had elevated gamma in the late 1950&

A comparison log plot of rails data collected in 1995 by Weslingbunse Hanford Company (WHC) and in
20W by Stoller is included. The WHC concentration data for "eCs are decayed to tad date of Ile SGLS
flogging cvW in April 2004. These is a 1990RLS log tun to a depth of 103 >d however, lht iv ' 'Cs was
ropormd in the interval 

between 
the surface and 59 R. This logging, run is desc ribed as a 'system stake

downmsl'. Ile repotted resits firm the 1990 log nm are emusidered mnehrable becatse the tend was not
cahbraed until a year after the log son. Them may be a depth registation discrepancy- between the 1995
and 2004 log inns below 200 ft. Taking into account the differences in depth registration, the appmarrt ,-'Cs
totentmations show good ag reement between the logging se stern. Since 1995,'rCs activities have
probab

ly
 deceased as predicted by radioactive decay.
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from AddNon el al. (1978)

Scintillation Probe Profiles for Borehole 299-625-7, Logged on 2/19/58
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from Add@on al al. (1978)

Sant7Aabon Probe Profile for Borehole 299-E25-7, Logged on 6/1059
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Srintilla;5on Probe Profiles for Borehole 299-E25-7, Logged on 5!14163, 425168. and 4130176
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299-E25-7 (A6026) Combination Plot
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Î 1f----
1111

	34 - - -F4	 ---

I

36

WNII'-27020 REV 0

299-E25-7 (A6026)
Rerun of Natural Gamma Logs (36.0 to 19.0 ft)

9 1Aa	 238	 232

C-79



- - - - - - - - - - 	 ------
I

----------------- - - - - -- 	 --
I
I

-

I----------------- ------	 -----
I
I
I

I
I
I

I
I

--------------J------	 ----
I
I

--

I
I
I

I
I

- - - - - - - - - - - - - - - - - - - - - -	 -----
I
I
I

---------------4------	 I------
I
I
I

I
I

I
I
I

I
I
I

22

24

30

32

34

22

24

26

a)
m

L
28

D

30

32

34

26

m

L
28 Q

0

WMP-27020 REV 0

299-E25-7 (A6026)
Man-Made Radionuclides

GS (bULS

20
	

20

	

36 -'
	

-L-'-' 36

	

ai
	

I
	

^o

pCilg

-^ Original Log Run
Repeat Log Run

C-80



WMP-27020 REV 0

I L;, I,,:,: ;,,i _r	 DOE-EM/Cr1689-2004

299-E25-08(A6027)
Log Data Report

Borehole Information:

Borehole:	 299-E25-08 A602 Sae: 216,A-8 Crib
Coordinates (WA State Plane)

Noeth	 East
935,990.035 m	 575,814.825 m

GWL ft 263.2 (1'JL Date:	 0623104
Drig Dale	 T	 Elevation
MaV 7956	 202.876 m

Total Depth (it)	 Type
290	 Cable Tco 1 .

Cashee Information:

Outer	 Inside

Diame&er D'eaueler Thickness Top Boaout

^

n T	 Sticku R	 m.	 En.	 in.	 ft
Welded steel +23 65/9 61/8 114 +23 237
Welded steel 0 onlmown uuknorm unknown 0 290

The logging engineer mourared the caring stickup Morg a steel tape. A ca iper9vas need to dconu a the
outside casing diameter. The caliperand inside rasing diameter wine measuacd using a steel tape.
MeasurenuMs were rounded to the nearest 1 116 m. Casing thickness w2s calculated. The S-m. ca sing is
rmZ Vis ible at tic ground surface .

Borehole Notes:

Borehole coordinates, elesatlot5 mid well constnaccion in€onmrion are fmm measurements be StnUerSeld
pe rsonnel, H W 1Ss. and Ledgemood (1993). Zem refe rence is the sip ofdre bin. casing.

Loeeine Egoioment information:

tml Gamma IAIY@ing System (SGLS) Lug Run Information:

Log Run 1 2 3 4 51 Raped
Date 0621104 06/22/04 0623104 06424104 0625104
Logging Engineer Spatz Spats Spatz Spatz Spatz
Sean Da	 (ft) 35.0 90.0 165.0 262.0 Sao
Finish Depth ft 3.0 35.0 89,0 165.0 19.0
Count Time sec 200 200 200 200 200
LiveiReal R R R R R
Shield (YIN N N N N N
MSA Interval ft 1.0 1.0 1 .0 1,0 1.0
Iumin

Pre-Ve rification
Start Re

N/A

BA349CAB
BA349000

N/A

BA350CA8
BA35000D

N/A

9A351CAB
BA351000

WA

BA352CAB
I	 BA352000

N/A

BA353CAB
BA3530DO

Page l
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Log Run 1 2 3 4 51 Repeat
Finish File BA349033 BA350055 BA351077 BA352097 BA363034
Post-Verification BA349CAA BA350CAA W51CAA BA352CAA BA353CAA
Depth Return 0 0 0 .1 0
Error in.
Comments Fine gain Fine gain Fine gain Fine gain No fine gain

adjusin ent adjustment adjustment adjustment adjustment
after files: after files:-016 after files: aterfles:
-003, -013, and-035. -034,-048, -042, -062,
-016, and -057,-067, and -077, and -M.
-030. -073.

Logging Operation Notes:

Zao reference was top of the 6-in. casing. Logging was performed wi0wul the centralizer on the sonde for
spectral data mllecled on 0624104. Pm-and post-server veri fication mcasuremoNS for The SC LS
employed the Amrsbam KITE M 88U, and cr Tn) vxri5crwith serial Member 082. Mavrmrmlagging
depth achieved cons 262.0 ft. approximately 1 ft above groundwater.

Analvsis Notes:

AMIW: I Henwood I Date: 1 0629104 1 Reference: I GJO-HGLP 1.6.3 Rev.0

SGLS pre-ran and post-run verifica tion spectra were collected at the beginning and end ofeach day. All of
the verification spe

ct
ra we

re 
within the acceptance criteria

Log spectra for the SGLS were processed or batch mode using APTEC SUPERVISOR to identify
individual enagv peaks and determine count rates. Verification spectra we

re used to determine the energy
and resolutioncabbmtion for p rocessing the data using APTF.0 SUPERVISOR Comemationc we re

calculated in EXCEL (source 5k: 02AMAR04 .xls), aft parameters dukmined from analysis of recent
calibration data Zcro rote remc was the mp of the 6-in. casing. Based onLodgerwood (1993), the casing
configoador was assumed to be a string of 6-iu casing w ith a thickness of 110 in. to a kg dept of 2375
and a string of 8-in. casing with a thickness of11 .322 in. to the depth of 262 ft. The 6-in, casing th ickness

was measured by the logging engineer. A casing thkkruso; of 0.322 in- was assumed for the 8-in. casing..
This thickness is the published value forASTM schedule-40 steel pyre a commo nly used rasing material at
Hanford Where more than am casing exists at a dept, the casing correction is additive (e.g., the
correction for both 6-in. a nd 8-m casing would be 015+0.322 = 0572). W ater and dead time corrections
were net requi

re
d.

Log Plot Notes:

Separate la%pmts are provided for gross gamer amt dead time, naturally occurring radiamclides ("Y,
^U, and 'Th), and near-made radionuclides. Plots of t he mpad logsversrss the original logs arc included
For each radiotucl x1c, the energy vtduc of the spec tral peak used farquamification is indicated Unless
otherwise mted, all radioncldes are plotted inpicocmus per gram (pCilg)- The open circles indicare the
minimum detectable level (MDL) foreach radionuclide. Er ro r bars on each plot mpresemermrassociated
with corning statistics onl y and do not include er ro rs associated with the inverse efficiency fractio n, dead
there comcima, or casing correction. These erors are discussed in the cal

ibration mptnt. A combination
plot is also included to facilitate correlation. The 9§Bi peak at 1764 keV was used to determine the
naturally, Muring XU concentrations on the combination plot.

Page 2
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Results and lat"taretations:

Ir'Cs was the aN/ man-made radionuc lide detected in this borehole. 's'Cs was defected at 5 I at
appowarna7elg• 22 R, at a few sporadic locations throughout the borehole, andbelween 234 and 240 IL The
range ofcottenlealiom was from the MDL (0.2 pCi1g) to 4.5 pCil& wbich was incasu red at 5 fi- Sts'"Cs
detected at log depths between 234 and 240 fl is Iocamd at a depth intend approximately 22 fl above On;
can al gco®dw--dwr level. It is possible that a grou rs water mound existed an the sma in the past midthen
"Cs is a remnant of wdaminated gmundwwt . The range of concentrations in the inlenal belween 234

and 240 it was from nearfhe MDL to 2.5 pCUg, which was measmcd at 237 fl

The concentrations of the KUT above 240 f, appears be undemst hated des to the c1facn of double
casing and gram

Tlebebmior of de 21U log suggests Ibat radon may be pmsem inside tie bo rehole casing. Deteneannazmn
of'rU is based an nmasnneausm of gamma activity at 609 and/or 1764 keV associated with 2 ' 411, ender the
assmuptiou of secular apdhbrmm in the doca y, chain. Horvcvcr, n7M is also a short-term daug aerof 2 `Ra
Wlsn radon is presciC 7"Bi will tend W "plater onto tic casing wall and will quickly mach equilibrium
with ^Ra Because the addidonai 214Bi resu lting from union is on the inside ofthecarino theeffectofthe
casing correction is to amplify, the 609 photopeak relative to the 1764 photopeale (Tim magnitude of the
casi ng correction factor decreases with increasing energy, bat gamma rays originating inside the wing are
rml anemmted.) This effect is obse rved) in log data acqui red during logging rms 1 and 2 (3 to 90 ft). The
efforts of radon appear W be minimal in One other log runs. The reason forvaria tionc in radon comes
betacen log mrs on successive days is rot known. Variations in radon content in bereholes are probably
aelated'. lo variationsin surface weath.°rcouditians. Radon daughters such as 24Bi mag; also "place" onW lffi
sande itself. VA= this occurs, lbeae is a gradual increase In total counts as well as pbetopeak courts
asscc:i^-	 with n1ti and 2"Pb.

The presence of radon is not an indication of man-made contamina tion; it is derived ham decay of
normally, occurring seminar. As n gas, radon moves easily in the srbs 	, and concentrations ofradon
and 3s associated progeny can clange quickly.

The ploys of the repeat logs dewesume reasonable repeatability of the SGLS data for the na tural
radionuclides (60, 1461,1764, and 2614ImV energy levels).

Cross gam na logs from Additon el al (1977) (allacled) indicate that the sediments surrounding Ihis
borehole contained significant amounts of man-made gamma radiation exWndi ng to groundwater from
1958 through of least 1963: By 1976 most of the gamma ac tiv# in the cadose zone had decayed away.

Refinivuees•

Addhoa M1C., KR Fecln, T.L. Jones, and G.V. Lass, 1978. Scinti17a7(on l'robel'rofrksNrwn 20t' East
Area (• rib .Monitoring Wells, RHO-LD-28, Rockwell Hanford Operations, R ichland Washington.

I.eelgo^vood,R.LK., 1993. Summaries of 1ie17 Canslrnc7ian Dam arm IrieldObscnmriansfor Er7sxing 200.
Ease Resoamc Prorrelzon Wrlls, WHCSD-ER-71-007, Rev. 0, Westingleuse Hnnd'otd Cornpaor,
Richland, Wasmngton

f G W L- groundwater lesei
a TOC- top of racing
3 HW I'S - Hanford Well Infortu ation S_yVem
' NIA-not applicable
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DOE-EMIG1690-21304

WMP-27020 REV 0

299-E25-09 (A4797)

Log Data Report

Borehole Information:

Casing Information:

Outer	 Inaide
Diameter DiamMer Yhiekness Top Bottom

casing T	 Stieku ft	 in.	 On-)	 m.	 ft
Welded sree: 	 *1.8	 6518	 6118	 114	 +1.8	 228
Welded steel	 0	 unknown umknanm unlmonm	 0	 288

The lhggiug eoginem mcasmed the casing sdckup wmg a sus	 pultape. A caH was used to dcwe 	 tho
wnside casing diameter. 7be caliper and inside casing diameter were measured using a steed tape.
Measmemems were mmded m Inc nearest 1116 in. Casing thickness was calculate& The 8-im casing is
xn visoblemthe gmmdsurface. Sunamcdinglhe easingon mpofthe gmund surface is a 2-ft by 64n.
round concrete pad.

]Borehole Noter•

BareLole mordinams,elevation, and asâ construction infommnon are from mrw m nts by Smiler fwld
person eL H WIS3, and Ledgemwd (IMc Zem mference is dce mp of the &im casing eefom htggi ng
began ft borehole was swabbed. No radmacra2y ssas detected onlhe scab sample. 	 I	 ..

Loggim Eauitlment Information:

^Mjjg Gamma Lagging System (SGI S) Log Run Information

Lw Run	 1 2	 3 4 5P

Date 9625104 0626104 0629104 06130/04 0710104
Logging Engineer Spay Spatz Spatz Spatz
Saari De th ft i6.o 120.0 160.0 259.0
Finish Depth 11 3.0 15.0 119.0 159.0
Count Time sec 200 200 200 200

MNIA

Live/Real R R R R
Shied Y/N N N N N
MSA lyderml ft 1.0 1.0 1.0 1.0
tUmin N/A WA N!A N/A
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Log Run 1 2 3 4 51 Repeg
Pre-Verification BAM3CAB BA355CAB 81 366CAB BA367CAB BA358CAB
Stara File BA354000 BA355000 RA356000 BA357000 Bf3580W
F inish File BA354013 BA355105 SA355042 BA357100 BA356025
Post-Verifieaficn BA354CAA BA355CAA BA358CAA 13A357CAA BA358CM
Depth Return
Error in 0 0 0 -1 0

Comments No fine gain Fine gain No fine gain Fine gain No fine gain
adjustment. adjustment adjustment adjustment adjustment.

after£aes: after files:-W8
-016,-047, and-0S7.
-062,-079, and
-095.

Lopping Operation Notes•

Zero reference was top of the 6-ur casing Logging was performed without the cenralmr on the sondefor
spectral data collected on 06130x04 (log con4)). Pre-and post- sun•ey verification measurements for the
SGLS mWlc ved the Ame rsham KUT ("X, 9 .1. and ^ n) verifier writh serial number 082. Mxdmura
logging depth achieved was 259.01E appmximadv I it above gmnmwatet

Analysis Notes:

Analyst: I Henwood I Dare: 07/07/04 1 Reference: I GJO-HGLP 1.6.3, Rev. 0

SGLS pre-rm and post-nmveri ication sprcha wm collecied a the bogimung and end ofeachday. At of
the verifica tion spectra were within the acceptance criteria

Log spectra forthe SGLS were processed in batch nnde.using APTE.0 SUPERVISOR to dden dfv
individual energy- peaks and determi ne count rates. Ve

rifi
c
at

ion specfrawe+e used to deteumine tie energy°
and nesolutionrahbraliontmpmcessing i be data using APTEC SUPERVISOR. Concenomions were
calculated in EXCEL (source file: 02AMAR04.As), using parameters determined from an alysis of recent
calibration data. Zem refereuce was the top of the bin. casing Based on Ledgmood (1993), the casing
configuration was assumed to be a string of 6-m casing with  thickness of  114 is to a log depth of 22811
and a string of 8-im cuing with  lihickows of 0.322 in to the depth of 288 R. The 6-in casing t idiass
was mcasmd by the logging engineer. A r"'=g thiclmesss of 0.322 in. was assumed for the 8-in. casing.
This thickness is the Published valu ,far ASTM schedde40 stml pipe, a connnonly' used casing ma chid at
Hanford Where name than one casing exists Ma depth the casing correction is additive(eg., the
co rrection forbolh 6-in. and 8-in, casing would be 0.25+0.322 = 0572). Water and dead time corrections
were rat required.

Lop Plot Notes:

Separate l06 plots are provided for g ross gamma and dead tine, n aturally occurring radionuclides
[J, and'' 11), and numb-made on iomclides. Plots of be repeal logs rents the original logs are included.

For each radionuclide, to energy value of the spectral pcA used forquadifueatiom is indicated. Unless
otherwise mted, at radioID hdm areplomed inpicocumes per gram (pCilg). The open t urtles nalieate the
mininmmdetecaMelevel(MDL)fmcachradimmch&.Enmbms preachplotiepreserderrora miA-d
with comaing statis tics only and do nor include erro rs associatedwaltibe i nverse efficiency function, dead
time correction, or casing conection These errors art discussed in the calibration npoo- A combination
plot is also included to Faci l itate correlation. The n^Bi peak a 1764 kV was wed to delermi re the
normally occur ring ^U conecra mionsonthe combination plot.
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ResWu and Interoretat[ons:

13 'Cs was the a* man-made radionuclide detected in Yrisborehole. '2iCs was detected war the ground
surface, at a few sporadic locations throughout the bosiwle,between226 and 23911, and beteveen 256 and
250 ft- The range of wncennaliors wasfrom the GAOL (0.2 pL5lg) to 13 pCit& which uvas mcasncd at 5 R
'Pis "Cs dmacmd ai log depths berwcw 226 and 232 ft is located m a depthintcn-al wmsiswrd with the
depth ofa Fackw set m 228 fL "Cs demcfed at 239 ft is appsodinably 20 ft above the enacm
gmandwater I"cL It is possible rise a groundwater mound existed in the area m the post and the "Cs
below 239 ft is a remuem oTwmunitemd groundwmer.

Tre K13T concentrations above 228 ft appear in mull mmbtnred dw to the effects ofdouble casing and
grour.

The behavior of the 28U log suggests that mdnnmay be weseni inside the b
oreholewsing. Determivalam

of"Bit is based on measummam of gamma activity al 609 and/or 1764 keV associated wilh 2'''Bi, urder the
assumlrtion of secular equib'brinmin the dcra7chain. However. '1OBi is also ashortterm dmrgbter of —Rat
When radon isis pms "°Bi will tad ro "plan" onto thc casing wall and will gnickty mach egariltbrium
with `c a Becasse the additional `1°Bimsmtirg from radon isonthe inside ofthe casing, the effectofthe
casing correction is to amplify the 609 phowpeak relative to the 1764 pbcnopeak. 01e magnitude oftbe
casting correction factor dacisesweh increasing energ y, but gamuts Ms originating inside the casing are
not ayermawd) This effect is observed in the log data acgmmd ferlog ram 2 between 15 and appmnimamly
70'R. The effects of radon appearto be minimal in the ulrerlog runs: The reasonfarcariatiors in talon
wMentbebmen log reason successaw da ys is wtkmwn. Variations in radon wmem in boreboles are
pwbabdy related to	 Radondaughters such as $1 °Bi may also
`plate , onto ibe sonde itself. When tlds occurs, tffive isa gradual increase intend wunls as weR as
pbotopak auras associated wi91r' 1 °Bi anda'FO.

The presence of radon is not an Indication ofruan-made wcRim urnion; it is derived from decay of
naturally occurring mantom. As a gas, radon zones easily in the subsurface and corcemntions of radon
and its associated pmgerW can change quickly.

The Alois of the repeat logs dexacmarate reasonable repeatabUdiv of the SC1S data for She matumi
radiomxlides(1461-and 2614-keV energy levels). The data for the 1764-keV eaergr peak indiwm the
eflsect of the rzdonbetween 15 and 28 fl where the original log tun shows higher wteentmdons dm Ibe
repeat data

Cause gamma logs from Andiron or aL (1977) (attaehero irifficate that the srdimcids stmaunding this
botcimk contained s pu&am anwnms of man-made gamma radiavoncameding to gtomdwaterfrom
1958 thmngh m least 1963. By 1968 most of the gamma acrdN* in the cadose zone had dommd away.

Refenuces-

AddeWrt b4 K- 	 Fecht. T. L. Sores, and Q V. Last, 1978..Sciarelation Probe Profile, From 260 East
Area r:sib,Wonitorbrg )Yells, RHO4L0-28. RocksveR Hanford Opemrions, Richland, Washinghm,

Ledgestvood,R.K.,1993. Svmvo,!soj It'ell Cowirudion Dale and Field Obx ahamsfor n1sung 206
East Resource Prot non Welb, WHCSD-BR-71-007,Rev. 0, Weslmghosc Hanford Coropaay,
Richland, Wadingbra

' OWL-groundwWerksTl
2 TOC-rep of casing
3 H W 1S - Hanford Well tm'ormution S_vsrom
"NIA-notapphicable
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299-E25-09 (A4797)
Man-Made Radionuclides
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Natural Gamma Logs
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299-E25-09 (A4797)
Natural Gamma Logs
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DOE-EWGJ948-2005

04545
Log Data Report

Borehole informa tion:

Boirehoie:	 04545	 Site:	 216A-8 Crib
Coordinates(WASt Plane) GWL ft: 261:15 GWL Date: 07/05/05

North	 Fast Ground t	 l
Drill Date Elevation

s loth 

(R) Yype
Not available	 Nat avaikWe 07105 Not avaflable 265 Gable

Casing Information:

Outer	 Inside

Diameter Diameter Thickness
E:asm T Stickup (ft) Lial In-' L9a.1 Top' Bottom Ift)

Tnreatletl steel 0.8 1078 911116 19132 +0.8 70
7hreatletl Steel 0.65 1	 811116 711116	 1 112 +0.65 Z65

Borehole Notes:

The logging cuginecrmessured 9c casing diameters using a caliperand sled tape. Ground level elevation
a rasnotacailable. The ddilerprovided the casmgdcpth Logging damacquisi tiou is m3crcmrd to the
gronad surface.

Thisbarehoie was logged in we stages, from ft ground su rface to 68 ft during Jmrt, and 
from fit ft to

total depth in July, so that lo, data we ir acquired in a single casing configuration-

Spectral Gamma Laea5ne System (SGLS) Ea ipment Infotaea tioa

I

r®	 SGLS (70%)
Logging System:	 Gamma 1E	 Type:	 may. 34TP40687A
Ettsd"vve Calibration Date; =04105	 Calibration Rehvems; DOE-EM10,1864-2005
^Logging Procedare:	 MAC-. P 1.6.5, Rev. 0

Man Rate Logging System tifRLSl Eauiament information:

Logging System:	 Gamma 1 C	 Type:	 HRLS
_	 SN: 39-A314

Effective Calib ration Date: 04/06105	 Calibration Refeuence: DOE-EWC-J865-2005r—	 Logging Procedure:	 MAC-HGLP 1.6.6, Rev. 0
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VVW-27020 REV 0

Snertral Gamma Logging System (SGLS) Log Run Information:

Log Run 1 2 3 4 Repeat 11
Date 0821/05 06)21/06 06!21!05 0621!05 07/05/05
Lo	 in En sneer spoiz Spatz 5 Spatz spat
Start De th ft 0.0 16.0 24.0 59.0 60.0
Finish Depth fl 17.0 26.0 65.0 68.0 260.0
Count Time see 100 20 100 100 100
Live/Real R R R R R
Shield YIN N N N N N
MBA Interval ft 1.0 1.0 1.0 1.0 1'0
a/min NIA WA WA WA WA
Pm-Verification AE076CAB AE076CAB AE076CAB AE076CAB AE079CAB
Start File AE0760DO AEU76018 AF076028 AE076074 AE079WO
Finish File AE076017 AE076027 AE076073 AE076063 AE079192
Post-Verficaton AE076GAA AE076CAA AE076CAA AE076CAA AE079CAA
Depth Return Error

n.
N/A WA WA -1 -2

Comments No fneg m
adjustment

Hen rate
interval; dead
time	 40%

No finegain
adjustment

No finegain
adjuehnent

Fine-9ain
adju	 nl

after files-072
and	 8

L	 Run 128
Date I07106!05
Logging Engineer S
Start Depth ft 66.0
Finish De 88.0
Counfflm sec 100
Crve/Real R
Shield YIN N
MSA Interval ft 1.0
ft/min WA
PmVerificatlon AEWDCAB
Sart File AEOBOWO
Finish File AE08W20
Pas! Verification AE08DCAA
Depth Return
n

0

Comments No tmgain
ad'osbneM

High Rate Logging System OTRLS) Log Run information:

Run 5 fi 7
Date 06+22105 0621Po5 0622/05 00622815 008122/05
Lagging Engineer itSatz 5 atr Spatz Spatz
Start Depth ft 12.0 13.0 23.0 ISO 18.0
Finish De	 ft 14.0 24.0 25.0 21.0 22.0
Count Tine sec 300 100 300 1W 3W
Live/Real R R R R R
Shield YIN N N N N Y Interne!
MSA Interval ft IaO 1.0 1.0 1.0 0.6
fi/min N/A WA WA WA WA
Pm-Verification AC133CAB AC133CAB AC133CA13 AC133CAB AC133CA13
Start File AC1330W AC133003 AC133016 AC733016 AC133022
Finish File AC733002 AC133014 AC7330 17 AGt3302t AC133030
Post-Verification AC133CA AC133CAA AC133CAA AG733GAA AC133CAA
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Lovi Rijn 15 6 7 6	 at 9

Depth Retum Er
ro

r
n.

NIA N/A N/A WA N/A

Dommente Fife gain
ad^lmeMaflar
file-03

Fine gain
atlpfahfuM Sl6ar

file-06

I,b fire gain
aduatment

Nv rare gain
acfastmert

Iro fire gain
atlfuatmeM

um -Run 10

Date 0627105

Logging En ineer S atr

Stan Depth 1y 1R5
Finish Depth FR 21.0
Court Time sec 300
LwerReal R
Shield YIN Y internal
MSA Interval Fft) 0.5
'Nnrn NIA
Pre-Ver ification AC133CA13

Stan File A^133031
Finish File I	 AC133034
Past-Ve rification AC133CAA

Depth Return Error
in.

0

Coonmen[s No fine gain
ad'usnnem

lain¢ Onemiden Notes:

Logging was conducted with a crntrib= on eacb sonde. Mc-asmements= referenced to ground surface.
Mam nerra logging depth wus 26021. appmximatct} 1 ft above grounthxater. Repeat sections wont
collected in this borehole for all systems m eealuale the logging systems' Perfomfance.

R rialysis Notes:

Anal st: Hem+ood	 Date: 0120!05	 Roference:	 G7O-HGLP 9.6.3, Rev. 0

Pre-run andpost-nm veri ieatio¢sfo r, ILe Iogg* sysicros war e, performed before and after dale acquisitiam
Acrcplam:c criteria were out for all stems.

A casing correction for 19132-im-thick casing (10-in. casing) was applied m the spec tral log data (SGLS
and H!RLS) from 0 to 6a fL From 70 in 260 f4, a correc tion for 112-in. thick casing (9-in. casing) was
applied to the SGLS data.

SGLS and IIRLS spectra were processed in batch mode using AP= SUPERVISOR to identify
individual cnmgv peaks and determine count rates. Concanrations w•me ealculaled with EXCEL
wodrsbeet teuplaies identified as C1Emad15xls for the SGLS and CICapr05.xIs for the IRELS u sing
efnieri functions and corrections for casing, water, and dead time as deterr®ired f ona anmral
cahbralioms. Lead time corrections a rc applied w•hmc dead tunes exceed approvuwtcty 11 perccnt forboth
the SG SamdflRLS. SBhcre SGLSdcaddmccxcccds4Opuccnq RUSdaisarcsubsfitatcd. No
correction far water was necessary.

Lo¢ Plot Notes:

Separate log plats are provided for the man-made radionuclide e 'Cs) detected in tffi borehole, natinllc
occoring radionuclides ( k ^U, ^3fh 1KUTI), a ci mbiraf tion OF man-made, KUT, and total gamma
plMd with dead fig. For each radiomrclide, the energy value of the spectral peak used for quam8itation

Page 3

F-3



WMP-27020 REV 0

is indicated. Unless olhenvise acted, all radionuclides can platted inpicocurfes per gmm (PCllg). The open
cirdc i dicatcihcmi^ dctwtablelcncl(MML)fumbradiouxhda Enorbars oncachplot
reFcscm error assmated Pith Wanting statistics only, and do ffiH include cuan associated with ific mmeme
efficiency thwhom dead time conectim casing conecuons, orw°atercormctions. Repeat log sections me
also included where appropriate.

Results and Interpretations:

'r 
Cs was detected in this bombole between the ground surface and 5 it and fmm I I to 73 R The

madmom concentration was meamood at appmximalely 1.5 million pCi/g at 20 It in depth. The highest
concetnonion aoce lies b etween l l and 25 ft '' Cs contamination obscured at relatively low
corcemrations (e.g.. below 10 pCVS) between 40 and 73 ft and'sCs spikes at pmbable casingjoi nts at 50
and 60 ft, may be the result of casing co ntamination.

The repeal sec tions for the SGLS and HRLS indicate good ag teemem.

n GWL—gmu^walerkwel
'N/A—mtapplirrble
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C4545
Natural Gamma Logs
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